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SECTION 15 
LIMITER (CLIPPER) CIRCUITS 
PART A. ELECTRON-TUBE CIRCUITS 
DIODE LIMITER. 


APPLICATION. 

The diode limiter is used to eliminate, or square off, 
either extremity of the applied signal. The limiter is also 
known as aclipper, because the output waveform presents a 
‘clipped! appearance on the wave peaks. 


CHARACTERISTICS. 

input may be 9 positive signal, a negative signal, of a 
combined signal having either the same or different wave- 
forms on the positive and negative peaks, depending on the 
design application. 

Output may be a positive signal with negative portion 
completely clipped, or a negative signal with positive por- 
tion completely clipped; or it may contain only a portion 
of the positive peaks with the remainder of the positive and 
all of the negative signal clipped, or contain only a portion 
of the negative peaks with the remainder of the negative 
and all of the positive signal clipped. Finally, the output 
may contain both positive and negative signals, with both 
positive and negative peaks clipped, 

Output amplitude is always lower than input amplitude; 
may be preset at any value between input amplitude and 
zero amplitude in the design of the circuit constants. 

Output signal is in phase with input signal. 


CIRCUIT ANALYSIS. 

General, Limiters are used in wave-shaping circuits 
where it is necessary to ‘'square otf!’ the peaks of the in- 
put signal. A sine wave may be applied to the input of a 
limiter, to obtain c nearly square wave output. A peaked 
wave may be applied to a limiter, to eliminate either the 
positive or negative peaks, or parts thereof. Limiters also 
find use in applications where it is necessary to restrict the 
amplitude of a signal to a constant value, such as the signal 
applied to the detector circuit of a frequency modulation 
receiver, They are also used in a protection type of circuit, 


where the input or output voltage must be prevented from 
exceeding a predetermined level. 
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1. A brief pce 


paragraphs. 

A vacuum-tube diode conducts only when its plate is 
ata positive potential with respect to its cathode; in other 
words, when the cathode is negative (less positive) with 
respect to the plate. If the cathode is fixed at Ground po 
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placed on the cathode, the diode will not conduct until 
the potential applied to the plate exceeds an equally positive 
value. In like manner, the cathode may be fixed at a negative 
potential, and the diode will conduct while the plate is 
positive, and will continue to conduct while the plate is 
negative with respect to ground but is less negative than 
the cathode. When the plate potential is made more positive 
with respect to the cathode, the conduction of current throught 
the diode increases rapidly, while the plate-to-cathode re- 
sistance decreases rapidly from an open-circuit (infinite re~ 
sistance ) value to an average value of approximately 500 
ohms. 

The action of a diode limiter is shown in the following 
illustration, which shows a simple typical diode limiter 
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Typical Diode Limiter Circuit and Input- 
Output Woveforms 


circuit and typical input-output waveforms. When the input 
voltage rises in the positive direction, the diode (V1) con- 
ducts, and continues conducting until the voltage falls to 
zero. Aso tesult of the current flow most of the voltage 
drop is across resistor Rl; the amount of voltage drop 
across the diode due to its plate-to-cathade, or forward, re- 
sistance 18 Shown in the output waveform as a slight 
positive value above zero. When the input falls to zero and 
tises in a negative direction, the diode will not conduct, 
and its reverse resistance is practically infinite. Since no 
current flows through the diode and resistor Rl, there is no 
voltage drop across Ril (assuming that the load connected 

© the output terminals has a high impedance), and the 
output voltage waveform is therefore a duplicate of the input 
waveform, during the negative half cycle, 


FAILURE ANALYSIS. 

No Outpur. A diode limiter circuit is ordinarily rather 
simple, and the analysis of failure is also simple. The 
sause of no output may be resolved to either of three con- 
ditions: no input, a defective resistor Rl, or a defective 
diode, Assuming that the proper input signal is being appli- 
ed, either resistor R! or the diode must be at fault. The 
iésistor may be open- ed, or the digde may be shorted. 
Either condition would result in no output. 

Reduced or Unstabie Guipus. In the citcult illusticted 
previously, a diode which is defective to the extent of poor 
sottiode emission would be responsible for dinsutfictent limit- 
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increased value of voltage to remain on the limited half 
cycle which would have been eliminated in normal operation 
from the output signal. A radical change in the value of 
resistance of Rl would also zeduce the output signal. 


SERIES, POSITIVE LOBE DIODE LIMITER. 


APPLICATION. 

The series, positive lobe diode limiter is used when it 
is necessary to square off part, or all, of the positive por- 
tion of an input signa! waveform and allow the negative 
portion to pass without modification of waveform. 


CHARACTERISTICS. 

Input signal waveform contains both positive and neg- 
ative signals. 

Output waveform contains only negative signals. 

Output amplitude is lower than input amplitude; no am- 
plification is realized in the circuit. 

Output signal is taken across a load resistor. 

Output signal is in phase with input signal. 


CIRCURT ANALYSIS, 

General. The series, positive lobe diode limiter con- 
sists essentially of a diode connected in the signal line, 
in series with the signal source and the load, and polarized 
so that the negative portions of the signal will pass through 
the diode without being affected. A load resistor is con- 
nected on the load side of the diode, and the output signal 
is token across this resistor. 

Circult Operation, A simplified series , positive lobe 
diode limiter is shown in the following illustration. In this 
circuit, the diode conducts during the negative portion of 
the input signal. Conduction is accomplished by driving 
the cathode negative with respect to the plate, which has 
the same effect from the viewpoint of the tube electrodes 
as driving the plate positive with respect to the cathode. 


INPUT 


OUTPUT 


Simplified Series, Positive Lobe Diode Limiter ond Input- 
Output Waveforms 


When the input signal goesnegative, the diode conducts, 
and it presents a low value of resistance to the signal. The 
total resistance in the circuit, connected across the input 
terminals, then consists of diode V1, which has a low re- 
sistance, in series with load resistor Rl, which has a com- 
paratively high resistance. Since the voltage drop across 
each individual resistance in a series circuit is in direct 
proportion to its resistance divided by the sum of the re- 
sistances, according to Kirchhoff’s laws, most of the input 
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signal voltage will appear actoss load resistor Rl, while a 
small amount will drop across diode V1 and be lost insofar 
as the circuit output is concerned. For this reason the 
value of the load resistor, Rl should be many times greater 
than the forward resistance of the diode, V1. When the 

input signal goes positive, the diode cuts off and thus limits 
the flow of current in the series circuit. The voltage across 
load resistor Rl then falls suddenly to zero, and remains 

at zero unti] the input signal goes negative on the following 
half cycle. 

The value of load resistor Ri affects the output of the 
circuit in several ways. First, for the best frequency re- 
sponse characteristic, R] should be as low as practicable. 
But in order for the circuit to function to the best advantage 
as a limiter, the load resistor must be several times the 
value of the forward, or conduction, resistance of the diode. 
The effect of various values of load resistance on the output 
voltage, for three characteristic tube types at V1 in the pre- 
vious circuit, are shown in the following table. The three 
tube types are all twin-diodes, and have different values 
of forward resistance. The forward resistance, or resistonce 
during the period of conduction, of a single section of each 
of the tubes is as follows: 6ALS, 250 ohms; 6X5, 500 ohms; 
6H6, 750 ohms. The values of output voltage are listed, 
assuming an input voltage of 10 volts to the circuit, with 
the polarity of the voltage such that the diode V1 conducts 
to the moximum value (10 volts) on the negative half cycles. 


Tube Type Tube Type Tube Type 
Value 6AL5 6X5 6H6 

of {250 ohms = (500 ohms (750 ohms 

RI fwd res} fwd res) fwd res) 

K 8.0 6.66 5.71 
5K 9.52 9.09 8.69 
10K 9.75 9.52 9.30 
50K 9.95 9.90 9.85 
100K 9.97 9.95 9.92 


Output Voltage of Diode Limiter Using Various 
Tubes and Load Resistances, at 10 Volts Input 


It can be seen, from the table above, that with a load 
resistance of LOOK, which is 400 times the value of the 
forward resistance of a type 6ALS tube, practically the en- 
tire input voltage is available at the output of the limiter, 
with only 0.3 volt circuit loss occurring within the tube. 


FAILURE ANALYSIS. 

No Output. Because of the relative simplicity of the 
series, positive lobe diode limiter, the analysis of failure 
is likewise simple. The failure of either component will 
cause trouble, but only the failure of the diode would be 
responsible for a no-output condition. Obviously, the failure 
of the applied signal at the input to the limiter should be 
suspected if no output is obtained from the limiter. 

Reduced or Unstable Output. Ina series, positive lobe 
diode limiter, a reduced value of output would most likely 
be due to a diode which has poor cathode emission, and 
therefore has a high internal, ot forward, resistance, It is 
also possible, although less likely, that the load resistor 
may have decreased in ohmic value because of age or over- 
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load. If, however, the cathode emission of the diode falls 
off, its intemal resistance will increase, and the end re- 
sult wil} be a decrease in the output voltage. This can be 
seen from the previous table, which shows the dependance 
of the output voltage upon both the load resistance and the 
diode used. Consulting the table, suppose that the circuit 
prised 0 one section of a type 6ALS diode and a 1K load 
stor. With a lOvolt input, the output may be expected 
6 be on the order of 8 volts, since the 6ALS has approx- 
imately 250 ohms forward resistance. If, however, the 
cathode emission decreased to the extent that the forward 
resistance increased to 500 ohms (comparable to thatof the 
type 6X5 diode), the output will also have decreased to 
approximately 6.66 ols; comparable to the output of the 

§ i conditions. 
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SERIES, NEGATIVE LOBE DIODE LIMITER. 


APPLICATION. 

The series, negative lobe diode limiter is used when 
it is necessary to limit, or square off, part or ali of the 
negative portion of an input signa! waveform, and at the 
same time allow the positive portion of the input signa to 
pass without modification of waveform. 


CHARACTERISTICS. 

Input signal waveform contains both positive and neq- 
ative signals, 

Output waveform contains only positive signals. 

Output amplitude is lower than input amplitude; no 
amplificotion is realized in the circuit. 

Output is taken actoss a load resistor, 

Output signal is in phase with input signal. 


CIRCUIT ANALYSIS. 
General. The series, negative lobe diode limiter con- 
sists essentially of a diode connected in the signal line, 
in series with the signal source and the load, and polarized 
so that the positive portions of the signal will pass through 
the diode without being affected. The output is taken across 
a load resistor which is connected in series with the diode. 
Circuit Operation. A simplified series, negative lobe 
diode limiter is shown in the following illustration. In this 
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Simplified Series, Negative Lobe Diode Limiter and Input- 
Output Waveforms 
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resistance) to the signal, andpasses the signal through 

the circuit to the output. The total resistance in the circuit 
then consists of diode V1 connected in series with the load 
resistor, Rl, and this combination is connected across 

the input terminals. As explained in the previous circuit 
covering the series, positive lobe diode limiter, the value 
of the load resistor should be many times greater than the 
terward resistance oi the diode. When this condition pre- 
vails, most of the input signal voltage will appear across 
load resistor Rl and thereby be furnished to the output 
tetminals, while only a small amount of the input voltage 
will drop across diode V1 and be lost insofar as the circuit 
output is concerned. When the input signal goes negative, 
the diode cuts off and thus limits the flow of current in the 
series circuit. The voltage across load resistor Rl then 
falls to zero, ondremains ot zero until the input signul gues 
positive on the following half cycle. 

One application of the series, negative lobe diode limiter 
is given in the following illustration, which shows a series~ 
connected peak noise limiter for use in an AM receiver. 
This circuit operates as follows: Assume that an input 
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Series, Negative Lobe Diode Limiter Used in a Noise 
Limiter Circuit 


audio level (rectified de from a diode rectifier applied 
between point « and ground of ~19 volts is applied to the 
input terminals of the circuit. The cathode of diode V1 is 
connected to point « and assumes a potential through re- 
sistors R3 and R4 of 10 volts with respect to ground. 
(Since no appreciable current flows through R3 and 4 there 
is no appreciable voltage drop across them.) The plate of 
diode V1 is connected to point b and, with no current flow- 
ing, assumes a potential —5 volts with respect to rong 
through the voltage-divider effect of resistors Rl and R2. 
The plate of the diode (point b) is thereby momentarily 5 
volts 5 positive with respect to its cathode (point ¢); under 
these conditions the diode conducts, ond its resistance 
becomes approximately 2000 ohms. Capacitor Cl {s con- 
nected to point d and charges through resistor R3 to a po~ 
tential of apnroximately —7 2ls with respect to seine 
2000 ohms. 


Reis tad oe aa 
when ihe diode resistance { 
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change in this potential would require approximately 0.1 
second, because of the time constant of R3 and Cl. 

If a noise voltage of —100 volts suddenly eppears at the 
input to the circuit (point e) across Rl and R2, the plate of 
the diode (point b) will assume a potential of =50 volts 
instantaneously, while its cathode (point ¢) remains at —7 
volts due to the time delay of the R-C circuit R3C1. This 
makes the plate of the diode 43 volts more negative 
than its cathode, and the resistance of the diode becomes 
almost infinite. This effectively disconnects point ¢ and 
audio output capacitor CZ from point b, and the circuit 
momentarily has no output except that small value which 
Passes through R3 and R4, shunted to ground at their 
junction point by C1, and also shunted by the capacitance 
of the diode. By the time the momentary noise pulse has 
decayed, the cathode of the diode will have assumed a pot- 
ential considerably more negative than its plate (due to its 
connection te point 6, through Rd ond R3), and will again 
conduct the audio input signal from point b to point e and 
the output capacitor, C2. 

The time period during which the circuit limits a noise 
pulse depends upon the R-C time constant of R3 and Cl, 
while the percentage of the audio input voltage which is 
available at the output of the circuit depends upon the re- 
lationship of Rl and R2. The actual values of these com- 
Ponents that may be encountered in a particular circuit de- 
pend upon the intended use and application of the circuit. 


FAILURE ANALYSIS. 

No Output. In a series, negative lobe diode limiter 
cireuit similar to that shown in the first illustration, the 
analysis of failure is simple. Either the failure of the diode 
or the failure of the applied signal are the only possibilities 
which could be the cause of a no-output condition. 

When the series, negative lobe diade limiter is used 
in a more complicated circuit, such as the noise limiter 
shown in the second illustration, afew additional compotients 
could be responsible for no output. If Rl became open- 
circuited or if output coupling capacitor C2 became open- 
circuited no output would be realized from the circuit. (If 
Rl became open-circuited, there is apossibility that some 
small value of the input signal, without limiting, would be 
obtained through R3 and R4, depending upon the particular 
input waveform.) If capacitor C1 became shorted, the 
cathode of the diode would be at ground potential and, since 
the plate of the diode is at anegative potential, the diode 
would be cut off; thus, no output would be obtained from the 
circuit. In any case, an analysis of the particular circuit 
would be necessary in order to isolate the faulty component. 

Reduced or Unstable Output. A weak tube, due to poor 
cathode emission, would likely be responsible for a reduced 
value of output, In the application of the series, negative 
lobe diode limiter shown in the second illustration, a leaky 
capacitor Cl could cause both a reduced and a distorted out- 
put, while a substantial change in the value of either R3 or 
R4 could be the cause of distorted output, as could also a 
shorted coupling capacitor C2. Since the output voltage is 
dependent upon the comparative values of Rl and R2, a 
change in the value of either R1] or R2 will affect the cir- 
cuit output. If Rl should increase in value, the output 
voltage will decrease, while if R2 should increase in value, 
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output voltage will increase. An open capacitor C1 will 
prevent the circuit from limiting and, as a result, noise 
pulses will be present in the output; furthermore, some slight 
increase in output may be noticed. 


PARALLEL, POSITIVE LOBE DIODE LIMITER. 


APPLICATION, 

The parallel, positive lobe diode limiter is used when 
it is necessary to limit any part of the positive portion, 
or the positive-going part of the negative portion, of an 
input signal waveform, andallow the remainder of the input 
signal to pass without modification of waveform. 


CHARACTERISTICS. 

Input signal may contain both positive and negative 
signals. In special cases it may contain only positive 
signals, in which case only those of higher amplitude will 
be limited, or clipped. 

Output waveform contains only negative signals, or sig- 
nals which are less positive than a predetermined limiting 
level. 

Output omplitude is lower than input amplitude; no amp- 
lification is realized in the circuit. 

Output is token across a diode tube. 

Output signal is limited when the diode conducts. 


CIRCUIT ANALYSIS. 

General. The parallel, pasitive lobe diode limiter cir- 
cuit consists of a diode and aresistor connected in series 
with each other across the input signal. The diode is 
polarized so that it will conduct during the positive portions 
of the input signal. The output signal is taken across the 
diode tube and is produced during the period that the diode 
does not conduct. 

Cirevit Operation. A simplified parallel, positive lobe 
diode iimiter is shown in the followingillustration. In this 
circuit, the diode, V1, conducts only during the positive 
portion of the input signal. When the input signal goes 
positive, the diode conducts, and its internal (or conduction) 
resistance drops from an infinite resistance, when non- 
conducting, to a value of approximately S00 ohms. Since 
the resistance value of resistor Rl is very large compared 
to the conduction resistance of the diode, practically the 
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Simplified Parailel, Positive Lobe Diode Limiter and Input- 
Output Waveforms 
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entire value of the input voltage drops across load resistor 
Rl, while only a very small voltage drops across diode V1. 
This voltage may become negligible when the ratio of the 
Joad resistance R} to the diode resistance is very high. 
Some value of voltage, however small, will still exist 
across diode V1, because any diode has some measurable 
amount of resistance, This value of voltage is shown in 
the output waveform as Ey, on the po: 
zero-voltage baseline, andrepresents aloss in the circuit 
because the output contains this unwanted amount of positive 
signal. When the input signal goes negative, the diode dces 
not conduct, and the current flow through Rl is interrupted 
(except for that infinitesimal current which flows through Rl 
because of the high resistance of the load connected te the 
qutput terminaisi. With no (or uluusi nu} Curent fos 
through Rl there is no voltage drop across Rl; hence, the 
output voltage is equal to the input voltage. It should now 
be ebvious that load impedance connected to the output 
terminals should be as high as possible in obtain 
the highest possible voltage at the output terminals +The 
actual value of the output voltage in the previously illu- 
strated circuit during the negative half cycle of the input 
signal (neglecting the source impedcnce of the input signal, 
and assuming that the resistance of the diode when non- 
conducting is infinite) may be calculated by applying Ohin’s 
law according to the proportion: 

Eo: E1=Ro: Ro +Rl 
E. = output voltage of circuit 
£1 = input voltage to circuit 
R. = output load resistance (impedance) 
Ri = limiter load resistor 
The proportion above can be restated and solved for Eo, 
as felicws: 


where: 


E, = Ei Re 


Ro + Ry 


It can be seen trom the above formula that the output voltage 
{E.} will be approximately equal to the input voltage (E 1) 
when the output load resistance (Ro) is very large compared 
to the tesistance of the limiter load resistor, (Rl). 

A parallel, positive lobe diode limiter may beused to 
limit only the peaks of the positive waveform, while allow- 
ing a given value of the positive signal to pass through the 
circuit to the curput. This may be accomplished by applying 
a biasing voltage, having a value equal to the value of the 
positive 1 to be pessed by the circuit, tothe cathode 
of the diode, ag shown in the accompanying filustration. 
The biasing, or limiting, voltage may be obtained from a 


with the cathode of Vi connected to the positive termi: 
of the d-c source, the cathode of the diode is held more posi- 
tive than the plate by the value of Es in the absence of an in- 
put signal. As long as the positive cycles of the input volt- 
age remain less positive than Ey, the bias veltage of the 
battery, the diode remains noncondui 
yoltage is approvimately equal io ihe in 


a 


ul Voltage. Since 
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Parallel, Positive Lobe Diode Limiter Used as 0 Positive 
Peok Li 


tive thon Ei, these too cause the diode to remain nonconduct- 
ing, with the result that the output voltage is approximately 
equa] to the input voltage. When the input signal increases 
to a value which exceeds the voltage of E), the diode con- 
ducts during that portion of the positive cycle when the in- 
put voltage is greater than Ej. During this period of conduc- 
tion, the output voltage of the circuit is equal to the value 
of E, (on the positive cycle}, while the peak of the positive 
input cycle which exceeds the value of Ey is clipped, or 
limited, appearing as a voltage drop across the diode load 
resistor R1. 

An application of the positive peak limiter is shown 
in the following illustration. In this circuit an input timing 
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Typical Application of Pazallei, Positive Lobe Diode 
Limiter in a Radar Indicator Circuit 


pulse having a pulse duration of approximately 5 micto- 
seconds andan amplitude of +120 volts, trom a radar trans- 
mitter, is applied through a diode limiter to a sweep genera- 
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tude of +38 volts output to the sweep generator circuit. 

This is accomplished by applying a fixed bias potential 

of +38 volts to the cathade of diode V1, from a voltage 
divider composed of R2 and R3 connected to a +400-volt 
power supply, When the input signal rises to a potential 
more positive than +38 valts, V1 conducts, andits resistance 
(conduction resistance) drops to a very low value. Since 
the cathode isheld at a potential of +38 volts and the re- 
sistance of V1 is negligible, the potential at the plate of 

V1 is also +38 volts, while the remainder of the +120-volt 
input pulse appears as a voltage drop across the plate load 
resistor, Rl, The +38-volt pulse, which comprises the out- 
put of the limiter stage, is coupled through capacitor C2 to 
the following (sweep generator) stage. The output potential 
is thus held, or limited, to a maximum of +38 volts, re 
gardless of how large the value of the pulse is at the input 
to the limiter circuit. If, however, the input pulse decreased 
to a value less than +38 volts, the entire pulse would be 
passed through the circuit to the output, and no limiting 
would occur. In this event the voltage at the plate of the 
diode would be less positive than the voltage at the ca- 
thode, and the diode would not conduct. 

A parallel, positive lobe diode limiter may also be used 
where it is desired to limit not only the entire positive 
peaks of the input signal, but also apredetermined level of 
the negative peaks, in order to furnish an output only when 
the negative peaks exceed this predetermined level. This 
may be accomplished by applying a biasing voltage to the 
cathode of the diode, equal to the value of the predetermined 
level, but of opposite polarity to that of the preceding cir- 
cuit, as shown in the following illustration. In this circuit 
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Parallel, Positive Lobe Diode Limiter Used to Pass 
Negative Peaks 


a negative potential E, is applied to the cathode of diode 
V1, from a battery or power supply. With the cathode 
negative with respect tothe plate, the diode is maintained 
in a conducting state in the absence of an input signal, and 
the output voltage is held at a steady {negative } dc level 
equal to E,. With an input signal applied to the circuit, 

the output voltage will continue to be held at this steady d-c 
level, with the input signal appearing across the diode load 
resistor, Rl, until the input signal becomes more negative 
than E,. When this point is reached, the diode will no 
longer conduct; its resistance will then have increased to 
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an infinite value. As a result, the input signal, which pre- 
viously appeared across R because Rl was much greater in 
resistance than diode V1, now will appear across V1 and 

the output terminals of the circuit, since V1 is now much 
greater in resistance than Rl. The output signal, therefore, 
contains only the negative pecks of the input signal which 
are more negative than the biasing voltage, E,. 


FAILURE ANALYSIS. 

No Outpur. In a parallel, positive lobe diode limiter 
Circuit similar to those shown in the first two illustrations, 
the analysis of failure is as simple as the circuit itself. 
Either the failure of the diode by shorting, or the failure of 
diode load resistor Rl or coupling capacitor C2 by oper- 
Circuiting, or the failure of the applied signal are the only 
possible causes of a no-output condition. 

When the parallel, positive lobe diode limiter is used 
in a more extensive circuit, such as in the radar indicator 
circuit shown in third illustration, some of the additional 
components could be responsible for no output. In this 
particular circuit, which is intended to limit positive pulses 
to a level of +38 volts and not to completely limit positive 
pulses to zero potential, a shorted cathode bypass capacitor 
Cl would cause complete limiting to zero (ground) potential. 
Since the input contained only positive pulses, complete 
limiting would produce no output. 

Reduced or Unstable Output. In a parallel, positive lobe 
diode limiter, a reduced value of output may be due to either 
an incteased value of the diode load resistor Rl, ot the 
result of a change in the parallel portion of the circuit, 
which consists of the diode itself and its cathode biasing 
components when applicable. In the first two illustrations, 
an incteased value of Rl due to overheating ot aging or 
an improper value of biasing voltage E, could be the cause 
of reduced output. In the circuit shown in the third illus 
tration, the failure of the applied voltage to the cathode 
circuit or an open-circuited resistor R2 would allow the 
diode to almost completely limit the input pulses (assuming 
they are positive pulses, as shown in the illustration), and 
would thus cause a substantially reduced output. If, how- 
ever, the low end of the cathode voltage divider, resistor 
R3, became open-circuited or resistor R2 become shorted, 
the full value of the bias voltage from the power supply 
(+400 volts) would be applied to the cathode of V1. With a 
+400-volt potential on the cathode, the diode would be 
completely cut off, and no limiting would be realized. In 
this case, the output signal would be the same as the input 
signal. 


PARALLEL, NEGATIVE LOBE DIODE LIMITER. 


APPLICATION. 

The parallel, negative lobe diode limiter is used when 
it is necessary to limit any part of the negative portion, or 
the negative-going part of the positive portion, of an input 
signal waveform, and allow the remainder of the input signal 
to pass without modification of waveform. 


CHARACTERISTICS. 
Input signal may contain both positive and negative 
signals, In special cases it may contain only negative 
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signals, in which case only those signals of higher amp)i- 
tude will be limited, or clipped, to a predetermined level. 

Output waveform contains only positive signals, or 
signals which ate less negatave then a predetermined limiting 
level. 

Output amplitude is lower than input amplitude; no 
amplification is atiorded by the 

Output is taken across a diode tube. 

Output signal is limited to a preset value, determined by 
initial circuit design, when the diode conducts, 


CIRCUIT ANALYSIS. 

General, The parallel, negative lobe diode limiter 
circuit consists of a diode and a resistor connected in 
series with cach other across the signal. 
is polarized so that it will conduct during the negate 
portions of the input signal, The output signal is taken 
across the diode tube, and the output signal is produced 
during the perioa that the diode aces hot conduct. 

Circuit Operation, Th implified parallel, 
negative lobe diode limiter is shown in the fo. lowing illustra- 
tion. In this circuit, thediode, V1, conducts only during 
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the negative portion of the input signal. As long as the 
input signal remains positive, the diode remains in 4 non- 
conducting state, and the input sicmal is conducted through 
Rl to the output minals . Since under ordinary conditions 
the loaa connected i 


resistance, a 


, there is gruc 


‘i ode load resision, RL t 
s practically equal to the input voltage Phis is shown in 
we portion of the Output waveform diagram above, 
the diode conducts, ana 


on infinite value (when in a non 


tun 
W eactive 
it 


conducting state) to an average value of SUU ohms. Since 


the diode loa ister, Rt, is very iarge compared to the 
resistance of V1 when conducting (500 ohms}, nearly all 
of the signal input voltage drons across Rl, and only a very 


smail part of the signal input val Itage (shown the outbut 
wavetorm as Ey;} drops across diode Vl, This value of 
becomes neqligibie when the ratio RI/V1 is 
agent in the output of the circuli, however 


ond represents GQ ioSs pecuuse 1 suvuUs f 


veltade, whi 


very lusye, 18 
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effective value of the output signal, since it is a voltage 
of opposite polarity. 

A parallel, negative lobe diode limiter may be used in 
several different applications, each of which requires a 
slight modification of the circuit and associated components. 
By the application of a fixed value of biasing voltage to 
the di ugh the use of a battery or biasing resistor, 
ihe voltage at which the diode will start to canduct, and 
thereby limit, may be preset to any desiredvalue. In 
addition to the basic limiter circuit, in which the entire 
negative lobe is cut off, or limited, two other applications 
are commonly used. In these applications, either the peaks 

of the negative portion of the input waveform may be limited, 
or the peaks of the positive portion of an input waveform 
muy De 6! dy inder of the nositive portion 
and afl of the egative portion of the wavetorm are limited, 
These circuit applications are described in the following 
paragraphs. 

When it is desired to [mit only the negative peaks of 
the input signal andallow the remainder of the negative 
portion andall of the positive portion (if any is included) 
of the input signal to pass, unmodified, to the output of the 
limiter, the circuit shown in the following illustration may 
be used. In this circuit, a negative biasing voltage, equa! 
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in value to the negative signal which the circuit is to pass, 
is applied from a battery or power supply bleedei resistor tc 
the plate of diode V1, while the positive terminal of the 

bias valtage is returned to ground. By thismeans the plate 


of the diode is neid negative with respect to the cathode 
, ander andiions of nc input signal. 
When an input applied to the circuit, any positive 


voltage, or any value eof negative voltage which 


alter the static conditions of V1, and Vi will remain aor 
input signal will thereby pass through the 
divde tor, RL, to the output terminals, incurring 
very little-if any-voltage drop through Al because of the 
very high impedance of the load under normal conditions, 

and the extremely minute vaiue of current flowing in the 

load circuit, The output signal will therefore be approximate- 
ly equal to theinput voltage, while the diode is nonconduct- 


aromes more-necative tha 
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ing. When the input 
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drops to approximately 500 ohms, which is very low com- 
pared to the normally high value of load resistor Rl, This 
low resistance is now in parallel with the output load, 
effectively short-circuiting the output. The resulting cur- 
rent which flows through V1 and its load resistor Rl pro- 
duces voltage drops across R1 ond V1 in direct proportion 
to their resistances. Since Rl is very high compared to the 
forward, or conduction, resistance of V1, practically all of 
the negative portion of the input signal which is more 
negative than E, appears as avoltage drop across Rl, and 
is thereby clipped from the output signal. Thus the value 
of the applied biasing voltage, E,, establishes the point at 
which the circuit will limit, or clip, the input signal. 

An application of the negative peak limiter is shown in 
the following illustration. This circuit is used as a noise 
Umiter following the diode detector stage in an AM receiver. 
The output of the detector is a negative audio signal having 
a maximum value of 0.2 volt rms, and this signal is applied 
to the input of the peak noise limiter. The resistors, Rl and 
R2, are connected as a bleeder to a negative 150-volt power 
source, ‘The -10 volts obtained at the junction of Rl and 
R2 due to the voltage divider action is applied as a fixed 
bias to the plate of the parallel diode limiter, V1. ‘Under 
normal conditions the input signal is passed through coupl- 
ing capacitor Cl to the output terminals, unaffected by V1 
and its associated circuit. When a noise pulse having a 
peak amplitude exceeding -10 volts (the value of the fixed 
bias applied to V1) appears at the input terminals, diode 
Vi conducts, placing an effective short circuit across the 
output terminals for the duration of the noise pulse. The 
noise pulse is conducted to ground through the low resist- 
ance of V1 (when in a conducting state) and the low react- 
ance offered by C2 to a shorp noise pulse, Since the noise 
pulse is shorted to ground, the pulse is prevented from 
activating the age circuit, which would in tum block the i-f 
amplifiers and interrupt the output signal for a much longer 
time interval than the actual time duration of the noise pulse. 
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FAILURE ANALYSIS. 

Ne Output. The analysis of failure which results in 
no outout from a parallel, negative lobe limiter should 
be relatively simple, because of the small number of com- 
ponents comprising the circuit. In the first two illustrations, 
for example, only three conditions could be the cause of no 
output. Either the diode load resistor Rl may be open- 
circuited, the diode V1 may be shorted, or the input signal 
may have failed. One other condition could contribute to 
No output in the second circuit illustrated, but the possibili- 
ty that this condition will occur is remote. If the input sig 
nal to this circuit contained only negative pulses, the peaks 
of which were to be limited, andthe biasing voltage E, was 
removed (because of battery or power supply failure) or the 
polarity of the voltage was inadvertently reversed, then the 
entire negative input signal would be conducted to ground 
through diode V1, and no output from the circuit would be 
obtained. In a more complicated circuit, such as that shown 
in the third illustration, additional causes of no output 
may be an open coupling capacitor Cl, a shorted bypass cap- 
acitor C2, or failure of the biasing voltage due to either 
power supply foilure or an open resistor Rl in the voltage 
divider circuit. 

Reduced or Unstable Output. A reduced of an unstable 
output from a porallel, negative lobe diode limiter may be 
due to a substantially increased value of the diode load 
resistor, Rl, resulting from overheating or aging; an inter- 
mittently shorting diode, V1; or an erratic output from the 
biasing voltage supply, E,, when used. In a more extensive 
circuit, such as that shown in the third illustration, a leaky 
coupling capacitor, C1, would contribute to an unstable or 
erratic output. In addition, if the resistor at the low end of 
of the bleeder supplying the biasing voltage became open- 
circuited (R2 in the circuit illustrated), the output of the 
circuit would be distorted from the normal output, in that 
the output would contain negative signals up to a possible 
negetive 150-volt value, and no limiting would be obtained. 
If, on the other hand, bypass capacitor C2 became open- 
citcuited, a sharp negotive increment of a noise pulse applied 
to the input to the circuit would encounter a much greater 
impedance to ground through R2 than would normally be 
offered by C2. As a result, the decay time of the noise 
pulse would be increased because of R2, resulting in distor- 
tion of the output waveform. 
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TWO-DIODE, POSITIVE AND NEGATIVE LOBE DIODE 
LIMITER, 


APPLICATION. 

The two-diode, positive and negative lobe diode limiter 
is used where it is required to limit both the positive and 
negative pecks of an input signal waveform, in order to 
prevent the output signal from exceeding predetermined 
maximum values for both the positive and negative peaks. 
With the elimination of both peaks, the remaining signal is 
generally of square-wave shape; therefore, this circuit is 
often used as a square wave generator. 


CHARACTERISTICS. 
Input signa: contains beth positive and negative signals. 
Output waveform contains both positive and negative 

signals, both of which do not exceed values which are preset 

limits in the initial design of the circuit. 

Output amplitude is lower than the input amplitude; no 
amplification is afforded by the circuit. 

Output is taken across two reverse-connected diode 
tubes. 


CIRCUIT ANALYSIS, 

General, The two-diode, positive and negative lobe 
diode limiter consists of two diodes, a source of both posi- 
tive and negative voltage, and a load resistor. The load 
resistor is connected on the input side of the two diodes, 
and the diodes with their source of (bias) voltage are con- 
nected in parallel with each other and in parallel with the 
output terminals of the circuit. The output signal is pro- 
duced as a repetition of the input signal during the interval 
that either diode does not conduct, and is limited at the 
point where either diode conducts. 

Circuit Operation, The circuit of a simplified two- 
diode, positive and negative lobe diode limiter is shown in 
the following illustration. In this circuit the two diodes, 
Vi ad V2, each have a de voltage connected in seties 
with them. The cathode of diode V1 has a positive potent- 
ial applied which, for the purpose of illustration, has a 
value of +3.0 volts, as indicated in the associated wave- 
form. The plate of V2 has a negative potential applied, 
which for illustration has a value of -3,0 volts. A load re 
sistor, Rl, is connected between the input terminals and 
the two diodes. Under conditions of no input signal, both 
diodes are in a nonconductina state, since the voltages 
that are applied to them ate of such polatity as to oppose 
the flow of current through the diodes. These voltages are 
often termed bias voitages, Since they establ f 
of potential at which the diode will switch from a noncon- 
ducting to a conducting state. New assume that an input 
signal, having a sine waveform with positive and negative 


peaks of +6.6 and -~6.0 volts, respectively, is applied to 
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the input to the circuit, as shown by the input waveform in 
in the illustration. When the voltage on the positive cycle 
of the input signal reaches +3 volts, this same value of 
voltage appears at the plate of V1, since, with no current 
flow, there is no voltage drop actoss the load resistor Rl. 
At this point the plate voltage is equal to the voltage ap- 
plied to the cathode from the bies battery, E,. As soon as 
the positive cycle of input signal exceeds +3 volts, diode 
V1 conducts, and a current flows through V1 and load re- 
sistor Rl. If the voltage drop across V1 is assumed ta be 


the current flow due to the conduction of V1. This is in 
accordance with Kirchhoff’s laws, in that the algebraic 

sum of the voltage drops and the applied voltage around 

any closed circuit equals zero. {At this moment~during 

the positive input cycle-the parallel path consisting of diode 
V2 and battery E, is effectively out of the circuit, since it 


is in a nonconducting state.) The si the output 
teminals, during the positive half of the cycle, will then 
rise in sine-wave fashion to a value of +3 volts, at which 
point the voltage will be limited, or held, until the input 
signal passes through its peak of +6 volts and falls to +3 
volts again, when it will follow the sine waveform during 
the decay of the positive cycle down to zero volts. Thus 
the positive half cycle of the output waveform will have a 
flat top at +3 volts. When the input signal passes through 
zero volts and increases in a negative direction, t! 
put signal retains the si until the input si 
reaches a v: -3 point the cathode 
voltage of V2 is equal to the negative voltage (—3 volts} 
upplied to the plate of V2 from bias battery E,, As soon ae 
the negative cycle of the input signai exceeds (negatively) 
the -3 volts bias, diode V2 conducts, causing a current to 
flow through V2 and load resistor Rl. In a similar manner 
to that described for diode V1 and the positive cycle, ony 
value of input voltage which is more negative than —3 
volts will appear as a voltage drop across Fi, as a resulz 
of the current flow when V2 conducts. The output signal, 
during the negative half cycle, will then follow the sine 
wever 


the voitac 
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through its negative peak of -6 volts and retums to the 
value of ~3 volts again. Then V2 will stop conducting, 

and the output signal will again follow the sine waveform 

of the input signal as the negative half of the cycle is 
completed. 

The point at which the positive portion of the input 
signal will be limited, or clipped, may be preset by apply- 
ing a positive bias voltage of equal value to the cathode of 
diode V1, which is the positive peak limiter diode. Ih like 
manner, the point of negative limiting may be preset by 
applying a negative bias voltage to the plate of the nega- 
tive peak limiter diode, V2. In this way the output signal 
may be held within any desired positive and negative limits. 
Such a circuit is sometimes referred to as a gate clipper, 
since it acts as a gate which allows the center portion of an 
input signal to pass through to the output. More infre- 
quently it is known as a slicer, 

When the applied bias voltages are equally positive and 
negative and of o low value, while the input signal is a 
sine wave of a relatively high value, most of the curved 
portions of the sine wave at its peaks will be clipped, and 
the remaining positive-going and negative-going portions of 
the waveform will have steep sides which approach the 
vertical, Thus a fairly accurate square wave output may 
be obtained, and such a circuit is often used as a square 
wave generator. 


FAILURE ANALYSIS, 

No Output. In a two-diode, positive and negative 
lobe diode limiter such as that previously illustrated, 
several conditions could be responsible for no output. 
Failure of diode load resistor Rl, due to an ‘open’ resis- 
tor, or failure of the applied input signal would result in 
no output. Another possibility which should be investi- 
gated is the failure of both bias voltages. If individual 
batteries are used for both the negative and positive biases, 
the simultaneous failure of both is very unlikely, and thus 
some measure of output signal would be obtained. If, 
however, the bias voltages are obtained from a d-c power 
supply operated from a power line, and the power supply 
failed, the diodes could then conduct through the circuit 
completed by the bleeder resistor in the output circuit of 
the power supply. Under these conditions the positive 
portion of the input signal would be clipped, or limited, by 
diode V1, andthe negative portion would be limited by 
diode V2; thus no signal - or extremely little - would be pre 
sent at the output termindls, 

Reduced or Unstable Output. In a two-diode, positive 
and negative lobe diode limiter, a reduced or unstable 
output may be due to a defective load resistor, Rl, which 
may have suffered a considerable increase in resistance 
value. In addition, poor emission of the cathode in diode 
V1 or V2 may cause unstable output, as may also insuffi- 
cient bias voltage E, or E, due to aging batteries or a de- 
fective power supply. Finally, the possibility of a reduced 
value of input signal, due to some defect in the preceding 
circuit, should not be overlooked. 
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TRIODE LIMITERS. 


APPLICATION. 

The triode limiter is used to limit, or square off, a 
portion of the input waveform. It is often referred to as a 
clipper, or clipper amplifier, because of the ‘‘clipped’’ 
appearance of the wave peaks in the output waveform. 


CHARACTERISTICS. 

Input may be a positive signal, a negative signal, or a 
combination of both in which the waveforms on the positive 
and negative portions may be either the same or different, 
depending upon the design application. 

Output may be a positive signal with the negative por- 
tion completely clipped, or a negative signal with the 
positive portion completely clipped, or either a positive or 
a negative signal with the opposite portion partially clipped. 

Output amplitude (peck value) may be higher than in- 
put amplitude on the peak which is not limited; that is, 
amplification is afforded by the circuit. However, the over- 
all amplitude (peak to peak) of the output signal may be 
higher or Jower than the input amplitude, depending upon 
the circuit application design. 

Output signal is out of phase with input signal. 


CIRCUIT ANALYSIS, 

General, Triode limiters are extensively used in radar 
circuitry, where very narrow pulses often are required to 
trigger oscillators into action, or to force grid potentials 
above cutoff values so that a tube may conduct for a short 
period, of to modulate radio-frequency power into brief 
pulses. Alternate positive and negative pulses, obtained 
from various types of pulse-generating circuits, may be 
passed through a limiting circuit to obtain pulses which 
are either positive or negative with respect to a predeter- 
mined reference level. This reference level may be at 
zero voltage or ony desired value of positive or negative 
potential. By alternate stages of amplification and limit- 
ing, the pulse may be narrowed to any width desired, 

Circuit Operation. Triode limiters may be divided into 
four classifications: Grid Limiters, Saturation Limiters, 
Cutoff Limiters, and Overdriven Amplifier Limiters. The 
specific characteristics and circuit operation of each of 
these classifications ore contained in the four circuits to 
follow in this section. A brief discussion of triode limiters 
in general is given in the following paragraphs. 

A grid limiter utilizes the grid-to-cathode circuit of a 
triode in the same manner that the plate-to-cathode circuit 
is utilized in a parallel, positive-lobe diode limiter. The 
similarity between these two circuits is shown in the fol- 
lowing illustration. 

In part A of the accompanying illustration, the grid of 
the triode, when driven positive with respect to the cathode 
by the positive portion of the input signal, conducts current 
and acts the same as the plate of the parallel diode shown 
in part B of the illustration. Limiting of the input wave- 
form occurs only when the triode grid draws current. 

A saturation limiter utilizes the cathode-to-plate cir- 
cuit of a triode, with an input signal applied to the grid 
which is of sufficient amplitude to cause plate current 
saturation on the positive portion of the cycle, but which 
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is not of sufficient amplitude to drive the plate current to 
cutoff on the negative portion of the cycle. A typical 
saturation limiter circuit is shown in the following illus- 
tration. 
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Typical Triode Saturation Limiter 


In this circuit, a relatively low plate voltage is used, 
and is obtained from the regular plate supply by means of 
a voltage divider composed of Ra and R3, with the low- 
voltege tap filtered by means of C2. The plate lead resis- 


sance eombi 


The 
tance. The compinat- 


Rl, is of a high value of re 
jon of a low plate voltage and high load resistance allows 
an input signal of reasonably low amplitude te cause max- 
imum plate current (plate current saturation) to flow, during 
the positive portion of the input signal waveform. As are 
sult, any further incre the positive 
portion of the input signal will be cut off, or limited, since 
the plate current is already at its maximum limit. The out- 
put wavefo its negative portion clipped, similar to 
the output of the grid limiter, because of phase inversion 


within the triode. 


sult, any further increase in 


Accutoff limiter utilizes the zero plate current portion 
of the Eglp curve of a triode, with an input signal which 
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uration on the positive portion of the input signal. The 
circuit of a typical cutoff limiter is shown in the following 
illustration, 
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Typical Triede Cutoff Limiter 


In this circuit, self-bias is obtained by means of cath- 
ode resistor Ri, bypassed by Ci to maintain the dc bias 
value relatively constant. The value of Rl, in combination 
with the voltage at the plate of V1, determines the no-signal 
grid bias. If cathode resistor Rl is sufficiently high in 
value, the bias will set the operating point nearly to cut- 
off. It should be noted that, in this circuit, with no input 
signal the value of self-bias can never drive the tube to, 
ot beyond, cutoff, because the cathede bigs is obtained 
only as a result of cathode (plate) current, and if the triode 
could be at cutoff there would be no plate current, hence no 
cathode bias. If, however, the operating point is set 
nearly te cutoff, limiting will occur on the negative por- 
tions of an input signal. ‘The output of the circuit will have 
the positive portion of the waveform clipped, because of 
the phase inversion within the triode. 

An overdriven amplifier limiter utilizes the combined 
characteristics of the saturation limiter and the cutoff 
limiter. The input signal is of very high amplitude~often 
ten times the value required to drive the grid to cutoff and 
ation, The circuit of a typical overdriven amplifier 


in the following illustration. In this cir 


to sotur 


it, the cathode is operated at ground potential, and the 
e gtid is an approximate square wave 
which is produced from a sine wave by a preceding limiter. 
The purpose of passing this signal waveform through the 
overdriven amplifier limiter is to make the sides of the 
square wave steeper. The input signal has a high ampli- 
tude of approximately 150 volts peak to peak. When the 
circuit conditions have assumed a stable operating condi- 
tion (after the completion of several input cycles), an 

hias potential will be established, asa 
result 0 of the input waveform applied tc the R-C circu 
composed af Rl and Cl. When the input signal, on its 
positive cycle, drives the grid above cutoff, the tube con- 
As the 


put signal te 


ducts ond the nlate voltage of 
ducts, and the plate voltage o 


i drops sharpiv, 


input signi conunues w increase un Ue pushive cycle, 
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the grid is driven above ground potential, and at this point 
grid current flows, limiting the signal. The plate voltage, 
now at its lowest value, remains at this point until the 
input signal passes through its positive peak and falls 
again to ground potential, when grid current ceases to flow. 
Limiting of the positive peak is thus completed. When the 
input signal, on the negative cycle, falls to the cutoff 
potential of the grid, conduction ceases, and the signal is 
limited on the negative peak. The plate voltage, now at 
its highest value, remains at this point until the input 
signal passes through its negative peak and again retums, 
on its positive cycle, to cutoff, when the operating cycle 
is repeated. In this manner, the owerdriven amplifier may 
be utilized to clip both the positive and negative peaks of 
an input signal, and at the same time decrease the rise and 
fall times of the center portion of the input waveform by 
steepening the sides of the output square wave. 


FAILURE ANALYSIS. 

No Output. The circuits of triode limiters present 
various configurations, depending upon their type and 
particular application. In general, a no-output condition is 
usually caused by a defective tube or a failure of the in- 
put signal. If a tube becomes defective as a result of in- 
ternally shorted elements, an excessive current may 
momentarily flow and cause the bumout of a cathode or 
plate load resistor, and possibly a plate supply voltage 
divider resistor if used. Therefore, if a shorted tube is 
found, the possibility of these additional defects should 
not be overlooked. An open output coupling capacitor 
could be the cause of no output, as could also failure of 
the plate voltage supply. One additional possible cause of 
no output, although rare in occurrence, is failure of cath- 
ode emission in the tube due to trauble in the heater supply 
circuit. Therefore, although it may appear to be superfluous 
to mention, the triode should be checked to see that the 
heater/cathode is glowing and that the tube envelope is 
warm. 

Reduced or Unstoble Output. Reduced output or un- 
stability in a triode limiter could result from several con- 


ditions. A tube having poor cathode emission, due to age 
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or sustained overload during its operating life, may be re- 
sponsible for a reduced value of output. A change in 
value of a grid resistor, if used, may affect the waveform 
of the input signal abnormally, and thereby reduce or distort 
the output waveform. If the circuit contains an input capa- 
citor, and the capacitor is leaky or shorted, an improper 
value of bias may be applied to the grid from a preceding 
stage, thereby changing the operating point of the grid 
with reference to the input signal. If an output capecitor, 
where used, becomes leaky or shorted, the plate voltage 
may be decreased because of the additional load path and 
the increased current through the plate load resistor, re- 
sulting in reduced output and possible distortion, A short- 
ed cathode bypass capacitor, if used, would cause the 
cathode to operate at zero bias, increasing the plate cur- 
rent and possibly causing gtid current to flow, resulting in 
distortion of the output waveform. A reduced value of volt- 
age applied to the plate of the triode, as a result of a de- 
fective power supply, may change operating conditions, in 
addition to being the cause of a reduced value of output 
signal. 


TRIODE GRID LIMITER. 


APPLICATION. 

The triode grid limiter is used to limit, or clip, the en- 
tire positive half cycle, or a portion thereof, of the input 
waveform. 


CHARACTERISTICS. 

Input may be either a positive signal or a signa! con- 
taining both positive and negative portions. 

Output may be a negative signal with peaks clipped, or 
a signal having positive and negative portions in which all 
or a portion of the negative peaks are clipped, 

Qutput signal is out of phase with input signal; there- 
fore, the clipped positive half cycle of the input becomes a 
clipped negative half cycle of the output signal. 

Output signal will contain a positive signal which is 
the amplified negative input signal. It may contain a neqa- 
tive portion, which is the result of a partially clipped posi- 
tive input signal that has been amplified. The over-all 
output peak amplitude may be higher or lower than the in- 
put, depending upon the circuit application design. 


CIRCUIT ANALYSIS. 

General. The triode grid limiter is similar in its 
limiting action to that of the parallel, positive lobe diode 
limiter. An advantage of the triode grid limiter over the 
diode limiter, however, is that amplification of the negative 
portion (that part of the input signal which is not limited} 
is accomplished, in addition to the clipping action. In the 
triode grid limiter, the clipping is obtained as a result of 
the action of the cathode and control grid, in the same 
manner as the action of the cathode and plate of a diode 
limiter. Limiting action is obtained when conduction oc- 
curs i.e, when the grid is positive with respect to the 
cathode. When conduction of the ‘'diode’’ (cathode to grid) 
does not occur, i.e., when the grid is negative with respect 
to the cathode, amplification and phase inversion of the in- 
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put signal take place, in the manner which is characteristic 
of o regular triode amplifier. 

Circuit Operation. A typical unbiased grid limiter cir- 
cuit is shown in the following illustration. In this circuit 
the input signal is applied to the grid of triode V1 through 
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Waveform 


grid resistor Rl. In thecircuit illustrated the no-signal 
plate current will be relatively high because the tube is 
unbiased; therefore, the plate voltage will be corresponding- 
ly low. For thi st signal may have 
little effect upon the plate current. However, when the in- 
put signal goes positive, this positive voltage appears at 
the grid of V1, and grid current begins to fiow. Since the 
cathode of V1 is grounded, the only resistance to the flow 
of grid current in addition to Rl is that offered by the grid- 
to-cathode resistance of V1. If grid resister K} has a very 
high resistance in comparison to the gridto-cathode resist- 
ance of V1 when grid current flows, practicaily the entire 
positive portion of the input signal will be clipped, or limit- 
ed, to the voltaye of the cathode (which in this particular 
circuit is zero voltage, or ground potential). Tn the si 
manner that the reverse resistance of a diode (the plate-to- 
cathode resistance when in a nonconducting state) is in- 
finite, while the forward (or conduction) resistance is only 
500 {approximately} chms, so alse is the grid-to-cathode re~ 
sistance of a triode of an infinite value wner in a noncon- 
ducting state {when the grid is negative witn respect io the 
cathode); however, this resistance arops tc ¢ vaiue of Suu 

te 1000 ohms when the grid becomes positive with respect 

to the cathode, Therefore, nractically the entire value ot the 
positive portion of the input voltage will drop across the very 
high resistance of Ry and is shown on the input wave 
Em. Only 7 very small pare of the input voltoye wall drop 
across the qrid-to-cathode (conduction) resistence of V1 
wiuch is o relotively low resiste ce; this voltage drop, 
although small, is shown on the input wavetorm as the value 
Ege Asa nFepul of the small positive bias on the gtid of 


eason, a positive f 


load resistor KZ, causes a maximum Veitage drup uiuss 
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R2, resulting in a minimum {nearly zero) voltage at the 

plate of V]. Because of the phase inversion within the 
triode, the effective grid voltace, which is tt simem. 
positive voltage drop across the grid-to-cathode resistance 
of V1, becomes an inverted (negative) and amplified vait- 
age, although still minimum, at the plate of V1. 

When the positive half cycle of the input signal is com- 
pleted and the input voltage falls to zero (the potential ot 
the cathode), the grid current ceases to flow. As a resul 
there is no longer a voltage drop across Rl. Then, a5 the 
grid goes more negative during the negative half cycle 
with no voltage drop across Rl, the entire value of inpat 
voltage appears at the grid of V1, since it is applied across 
the (infinite) resistance between ¢-> atid oma the rarnod 
Agsuming that the nereiye ine crn ci not 
grid to cutoft, the negative halt cycie isampiried by we 
triode and inverted, and thi 
the output terminals of the < 


Bowe 


waveform appears at 
in this manner, tne 

: sant wavetorn is cut off. or 
limited, practically to zero, while the negative portion of 
the input signal is amplified without distortion and inverted, 
and passed through coupiing capecitor Cl to the output 
teminals, 

Another type of grid ii 
leak bias to limit both th 
the input signal, is the 
ed below. In this circuit, a sine 


ave from a master os- 
cillater is applied to the input terminals, to produce a 
square wave which will be eventually used to produce 
trigger and timing pulses in a radar circuit application. 


The triode, Vi, operates without fixec bias, but d 
grid-leak bias as a result of grid current fiow. As th 
the oasitive nortion of the in 


put veltage rises, du 


signal, the input capi 3 
of the current which fiows through grid return resistor Ri 
and through gtid resistor RZ in series witn the gric-to-cath- 
ode resistance of YI. Whon the nesitive portion of the input 
cycle is completed and the input goes fieguttve ile Dae 
in capacitor C] leaks off through resistor Rl. 
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ELECTRONIC CIRCUITS NAYVSHIPS 
charging cycle of Cl, the resistance in series with Cl con- 
sisted of R1 in parallel with R2 and V1. During discharge, 
V1 will not conduct when the grid is more negative than the 
cathode, and therefore the resistance in series with Cl is 
that of Rl alone. The resistance in series with C] is there- 
by greater during discharge than it is during the charge 
cycle; as a result, a charge accumulates in capacitor Cl 
and becomes a negative bias, applied to the grid of V1 
{between grid and cathode). 

The negative bias on the grid, produced by the flow of 
grid current during the charging cycle of Ci, acts in opposit- 
ion to the effect of the input signal in driving the grid posi- 
tive. The bias therefore establishes the average value, or 
baseline, about which the input sine wave varies. In the 
previous illustration, this bias is shown as having a value 
of —8 volts. Now, when the input signal during the posi- 
tive portion of the cycle swings from —8 volts to zero volts, 
or cathode potential, the flow of grid current through the 
high value of the grid resistance of Rl limits the signa! 
at approximately zero volts at the grid of V1. The in- 
ereased flow of plate current through the plate load resis- 
tors, R3 and R4, produces an increased voltage drop across 
them and a minimum voltage at the plate of Vl. This is 
shown in the output waveform as the output signal falls 
from +150 volts to +50 volts, and is clipped at the level of 
+50 volts until the positive portion of the input signal, at 
the input terminals, passes through the crest of the wave- 
form and falls back to zero volts. As the input signal falls 
below zero volts, the plate current begins to fall, the volt- 
age drop in R3 and Ré4 decreases, and the voltage at the 
plate of V1 —which is the output voltage of the circuit ~ 
begins to rise. When the negative-going input signal falls 
toward the cutoff bias value, the plote current decreases 
toward zero, reaching zero when the combination of input 
signa] and bias reaches cutoff. The plate voltage of V1, 
and therefore the output signal voltage, increases toward 
the B+ voltage, reaching this value of +250 volts at cutoff. 
Thus the top of the output waveform is limited, or clipped, 
at the level of +250 volts, as shown in the illustration. 

A third type of grid limiter circuit is that in which a 
fixed negative bias is applied to the grid, from a battery or 
d-c power supply. A typical circuit of this type of grid 
limiter is shown in the following illustration. In this cir 
cuit, a fixed bias of —5 volts, dc, is applied to the grid 
from a bias supply, along with the input sional. As the 
signal increases from the negative 5-volt bias value in a 
positive direction, the plate current increases in accord- 
ance with the signal input, with a consequent decrease in 
plate voltage, until the input signal reaches the cathode 
potential of zero volts. When this point is reached, any 
further rise in grid voltage drives the grid positive with 
respect to the cathode, and the resulting flow of grid cur- 
tent through grid resistor Rl limits the voltage ot the grid 
to approximately zero volts (disregarding the voltage drop 
across the grid-to-cathode resistance of V1). The plate 
voltage, now at its lowest value, is clipped, or limited, at 
a level determined by the circuit application, which for 
illustration is shown as +50 volts in the output waveform. 
As the input signal passes through its positive crest and 
falls, grid current ceases to flow when the input signal falis 
to zero volts. During the remainder of the positive half 
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cycle of the input signal, and through the complete nega- 
tive half cycle, the flow of plate current follows in accord- 
ance with the grid voltage, without distortion, and the 
amplified and inverted waveform of voltage is furnished to 
the output terminals of the circuit. (The amplitude of the 
negative portion of the input signal is not sufficient to 
drive the tube to cutoff.) 

A fourth type of grid limiter circuit is the self-biased 
gtid limiter, in which the bias is automatically developed 
by the flow of plate current through a bypassed cathode 
resistor. A typical circuit of this type of grid limiter is 
shown in the following illustration. In this circuit, the 
gtid of V1 is normally held at ground potential, and the 
grid bias is produced by the flow of plate current through 
cathode resistor R2. In order to maintain the bias at a 
relatively constant level, so that it does not vary with the 
input signal waveform, R2 is bypassed with capacitor C2, 
which has a large value of capacitance. The flow of plate 
current through R2 established the cathode of V1 at a 
positive voltage above ground potential, thus furnishing 
the bias to the grid, which is at ground potential and there- 
fore negative with respect to the cathode. When the input 
signal rises at the start of the positive half cycle, the 
plate current in V1 increases with the signal, and the 
waveform is not limited until the gtid voltage reaches a 
value equally positive to that of the cathode. When this 
point is reached, a further rise of the input voltage pro- 
duces grid current, which results in the limiting of the 
voltage at the grid. This is indicated by the input waveform 
in the illustration, ot the point of cathode bias. Grid cur- 
tent ceases to flow, and thereby limiting is completed, 
when the input signal has fallen back to the point where 
the voltage is equal to that of the cathode, During the 
remainder of the positive half cycle, and throughout the 
negative half cycle, the circuit operates as a Class-A 
amplifier, fumishing an output waveform which is an ampli- 
fied ond inverted reproduction of the input signal, without 
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distortion. (The amplitude of the negative portion of the 
input signal is not sufficient to drive the tube to cutoff.) 


FAILURE ANALYSIS. 

No Output. The analysis of failure which results in 
no output from a triode gid limiter is somewhat similar to 
thar of the parallel, pasitive lobe diode limiter. In the 
triode grid limiter, failure of triode Vi, or an open-circuited 
grid resistor or plate load resistor, or failure of the plate 
supply voltage could each be responsible for a no-output 
condition. If the circuit utilizes cathode bias, an open 
cathode resistor would also be a cause of no output. If the 
circuit contains input and/or output coupling capacitors, 
am open-circuited capacitor in either position would result 
in no output. Finally, failure of the applied signal, or an 
input signal of incorrect waveform or voltage level, could 
also be responsible for a no-output condition. 

Reduced or Unstable Output. Assuming that an input 
signal of correct waveform and voltage ievel is being fur- 
nished to the input terminals of a grid Limiter cir 
duced value of output is probably the result of either in- 
sufficient signal at the grid terminal of the triode, insuffi- 
cient voltage at the piate ter: the triode, or a leaky 
i itcuit, when used. 
to a defective 


ciscuited. Insufficient pi 
fective plate ioad resistor or inst 
age brought about by 3 defect i 
shorted plate out coupling capacitor may also be re- 
sponsible tor low plate voitage, with the following stage 
loading the plate circuit. A cathode resistor, if used, may 
be too low in value and cause excessive piate current, re 
sulting in a low plate voltage. Leaky coupling capacitors, 
ay cause distortion of the waveform, in addition 
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decoupling circuit, when used, would be responsible for 
low, or absence of, plate voltage. 


TRIGDE SATURATION LIMITER. 


APPLICATION. 

The triode saturation limiter is used to limit, or clip, 
s of on input waveform, This limiter is 
useful when low amplitude input signals are used, at 
rather low plate supply voltages. 


CHARACTERISTICS. 

Input may be a positive signal or a combination of 
positive and negative signals. 

Guipui may be ¢ negetive signe! with the neqative peak 
clipped, or a combination of negative and positive signais 
with the negative peaks, or the entire negative portions, of 
the signal clipped. 

Output amplitude (peck value) may be higher than input 
amplitude on the positive peak of the output signal. Ampli- 
fication of the unclipped portions of the input signal is 
provided. The total (peak-to-peak) output amplitude may be 
higher or lower than the input amplitude, depending upon the 
relative values of the positive and negative peaks of the 
input signal waveform. 

Output signal is out of phase with input signal. 


CIRCUIT ANALYSIS. 

General. The triode saturation limiter differs from the 
triode grid limiter in its limiting action, in that the actual 
ing is accomplished in the plate circuit, while in the 
gtid limiter it is accomplished in the input, or grid circuit. 
In the saturation limiter the entire input signal is applied 
to the grid of the triode. Amplification of the entire sig- 
nal is provided by the triode, up to its moximum capability 
insofar as its maximum plate current is concerned. When 
the input signe! to the grid is such that maximum plate cur- 
rent flows, any additional value of input signal has na 
further effect on the plate current; this additional value is 
thereby limited, or clipped, at the level of maximum current 
flow in the plate circuit. 

The action of the triode saturation limiter is similar 
to that of the triode grid limiter in its end result; that is, 
in both cases the positive portion of the input waveform is 
the partionsy which is Hed, or clipped. In the saturation 

output is generally of a higher ampli- 
tude, because the iste current is driven to 1ts maximum 
value. On the other hand, since it is necessary to drive 
the plate circuit to its maximum conduction to produce 
‘ing, this becomes a disadvantage because a higher in- 
put signal is required to drive the grid. 

Circuit Operation. The circuit of a typical triode 
saturation limiter is shown in the accompanying illu, 

In this cirquit the input signal, which is obtained from 
a low-impedance source that is capable of a relatively high 
power output, is applied directly to the arid of triode V1, 
and no grid resistor is used. The cathode is connected 
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directly to ground, and the triode is thereby operated at 
zero grid bias. A voltage divider, consisting of R3 and R2, 
is connected in the plate supply circuit, to obtain a lower 
value of voltage. Capdcitor C2 acts as on additional filter 
for the plate voltage supply, while resistor Rl is the plate 
load resistor. If the resistance value of Rl is relatively 
high, and the relative resistance value of R3 and R2 are 
such that the voltage at their junction is relatively low, 
then a fairly low value of positive input signal will drive 
the grid to the point of plate current saturation, and limit- 
ing will occur. The reason for this is as follows: The 
following illustration shows the dynamic characteristics af 
a typical triode amplifier tube—a single section of a type 
]2AU7. Assume that this tube is used in the circuit pre- 
viously illustrated, with a plate voltage (at the junction of 
R3 and R2) of +300 volts, and a load resistance R1 of 

60K. The triode is operated at zero bias, since the cathode 
is grounded, and the input signal to the grid is a sine wave 
of 14 volts peak-to-peak. From the illustration, it may be 
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signal input, is approximately 4 ma, It is also evident that 
the maximum plate current that can flow, with the fixed 
values of plate voltage and load resistance given, is 5 
milliamperes. When the input signal rises from zero to- 
ward +7.0 volts on its positive nalf cycle, plate current in- 
cteases from 4 ma to 5 ma, reaching 5 ma when the input 
signal reaches approximately +2.5 volts. At this point the 
plate cx s meximum, and limiting occurs. The output 
voltage ut this point has decreased nearly to zero (there 

is always some value of voltage drop within the triode, be- 
cause of its plate resistance). The output voltage wave 
form is thereby clipped on its negative half cycle, until the 
input signal has passed through its positive peak of +7.0 
volts and fallen back to +2.5 volts. At this point limiting 
ceases, and the plate current begins to decrease in ac- 
Coudunce with the input signal. 

It becomes evident, from the illustration, that the point 
at which saturation is reached, and thereby the positive 
limit at which clipping of the input signa! occurs, may be 
adjusted by adjusting the slope of the load line, which in 
turn may be adjusted by varying the load resistance and/or 
the plate voltage. On the other hand, the percentage of the 
positive portion of the input waveform which is clipped may 
be adjusted by varying the peak voltage of the input signal. 
Referring again to the previous illustration, it can be seen 
that clipping of the positive portion of the input signa! 
occurs at approximately +2.5 volts. This is approximately 
30 percent of the positive peak input waveform. If the 
input signal is now increased to 25 volts peak-to-peak, 
clipping of the 12.5-volt positive peak still occurs at 
+2.5 volts. The positive portion of the 
clipped at 20 percent of the peak input value. 


put signal is now 


FAILURE ANALYSIS. 

No Output. The cause of a no-output condition in a 
triode saturation limiter may be one of four possibilities. 
Either the input signal may have failed, the triode tube may 
be defective, the plate supply voltage may have failed, 
or the output coupling capacitor may be open-circuited. 
Failure of the plate supply voltage may be due not only to 
a defective power supply, but also to an ‘’open’! resistor 
Rl or R3 or a shorted bypass capacitor C2, in the plate 


circuit. 
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Reduced or Unstable Output. A reduced or unstable 
output from a triode saturation limiter could result from 
almost any component of the circuit which has become defec- 
tive. A weak or leaky (partially shorted) triode V1 or a 
reduced value of plate voltage may be the cause of either 
condition, depending upon the extent of the defect. A 
teduced value of plate voltage may be due to a defective 
power supply, or it may be due to an increase in the 
of resistor Rl ot R3 or a decrease in the value of R2. A 
jJeaky coupling capacitor Cl may allow some of the d-c 
plate voltage at V1 to appear at the input to the following 
stage, resulting in an improper bias to that stage and 
probable distortion therein. Finally, in the analysis of 
failure of a circuit it is often assumed that the proper 
input sianal is being supplied. This fret will bear check- 
ing, however, because an input signal of incorrect value or 
waveform could well be responsible for a distorted or re- 
duced value of output signal. 


st 


TRIODE CUTOFF LIMITER. 


APPLICATION. 

The triode cutoff limiter is used to limit, or clip, the 
entire negative half-cycle, or the negative peaks, of the 
input waveform. 


CHARACTERISTICS. 

Input may be either a negative signal or a signal con- 
tcining both positive and negative portions. 

Cutput may be positive signal with peaks which exceed 
© preset value clipped, of a signa! having both positive and 
negative portions in which all or a portion of the positive 
peaks are clipped. 

Output signal is out of phase with input signal; there- 
fore, the clipped negative half-cycle of the input signal 
becomes a clipped positive half-cycle of the output signal. 

Output signal will contain a negative signal which is 
the amplified positive portion of the input signal, if such is 
included in the input. It may contain a positive portion, 
which is the result ofa partially clipped negative input sig- 
nal that has been amplified. The peak amplitude of the out- 
put signal, including both positive and negotive portions 
when applicable, may be higher or lower than the input 
peak amplitude, depending upon the circuit application 
design. 
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CIRCUIT ANALYSIS. 

General. The triode cutoff limiter depends, for its 
limiting action, upon the fact that an electron current with- 
in a vacuum tube can flow only from the cathode to the 
plate, and not in the reverse direction, When the signal at 
the grid of the triode drives the grid to cutoff, the plate 
current is decreased to zero, and it remains at zero during 
the time that the grid is held at or below cutoff by the input 
signal. At cutoff the plate current is zero, and, regardless 
of how much farther the grid is driven negative, the plate 
current remains at zero, since the plate current cannot be- 
come a negative value.. When the arid is at (or below) cut- 
off, since no current flows in the plate circuit, there is no 
voltage drop across the plate load resistor. The voltage at 
the plate, therefore, increases to, and is maintained at, its 
maximum value, which is the voltage of the plate power 
supply, Epp. ‘The limiting thus attained affects the posi~ 
tive peak of the output waveform, whereby the positive peak 
ts cut off, or flattened, at the voltage level Epp, as a 
result of driving the grid in the negative direction to cut- 
off, 

Cutoff voltage is that value of negative voltage, with 
Tespect to the cathode, which must be applied to the grid 
to reduce the plate current to zero. This value of voltage 
is dependent upon the value of the plate supply voltage, 
Epp In a triode the cutoff voltage, Eco, is approximately 
equal to the plate supply voltage, Epp, divided by the 
amplification factor, j4, of the triode; thus: 


(-) Eco = Ebb 
BB 


The relationship expressed above is valid only for a 
triode; it does not apply to tetrodes or pentodes. 

Cirewit Operation, The circuit of 9 typical triode cut- 
off limiter is shown in the following illustration. In this 
circuit the input signal is applied directly to the arid of 
triode V1, and no grid resistor is used. Cathode bias is 
supplied by resistor Rl, bypassed by C2 to hold the bias 
value constant with the average value of the plate current. 
If the value of the cathode resistor, Rl, is suificiently 
large the bias developed will set the operating point of the 
tube near cutoff. When the input signal rises on the 
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Typical Triode Cutoff Limiter and Input-Output Waveforms 


positive half cycle, the plate current will inctease and thus 
produce the resultant plate voltage waveform shown in the 
illustration. When t «input signal begins to fall, this 
causes a correspon positive excursion of plate voltage, 
and this action conti: « until cutoff is reached on the neg- 
ative half cycle of the. ut signal. At this time the plate 
current is zero, thus limiting (clipping) the positive portion 
of the plate-voltage waveform. For the purpose of illustra~ 
tion, assume that the resistance value of Rl is such that 
the no-signal d-c bios is -3.0 volts at the grid. The plate 
supply voltage, Enz, for this illustration is +250 volts, 

and the maximum amplitude of the input signal is 2.5 volts. 
The grid voltage, with input signal, therefore swings from 
—0.5 volt to —5.$ volts. The dynamic conditions existing 
in this example ore shown in the following illustration , 
based on utilizing the triode section of a type 557 tube. 
From the illustration, it may be seen that the no-signal plate 
current is approximately 0.125 ma. When the input signa! 
tises on its positive half-cycle, the plate current increases 
from 0.125 to 0.95 ma, reaching this maximum value when 
the input signal reaches its most positive (or least nega- 
tive) value of —0.5 volt. The input signal then begins 

to fall, completing the positive half-cycle when the voltage 
at the grid is —3.0 volts. As the input signal begins its 
negative half-cycle, the voltage at the grid continues in 

its negative direction until it reaches ~4.0 volts, At this 
point cutoff occurs, and the plate current has fallen to zero. 
The output voltage at this point, with no plate current 
flowing and therefore no voltaye drop through plate load 
resistor R2, has increased to +250 volts, the value of Exp 
With the plate current cut off, the output voltage remains at 
this value until the input signal has fallen through its 
negative peak of -5.5 volts and increased to the cutoff point 
of —4,0 volts. As the input signal continues to rise, the 
plate current begins to flow and the plate voltage (output 
signal} begins to fall; at the end of the negative half-cycle 
of input signal the output voltage has fallen to its no-signal 
value of approximately +235 volts, an¢ the plate current has 
increased to 0.125 ma again. 
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Operating Characteristics of o Typical Cutoff Limiter 


From the preceding illustration it becomes evident that 
the point at which cutoff is reached, and thereby the nega- 
at which clipping of the input signal occurs, may 
slope of the load line and/or 
the no-signal grid bios. The slope of ioad line mi 
justed by changing the piate supply voitage, Exp, ar 
the load resistance; tnis adjustment, nowev 
the no-signal grid bias when cathode bicsing is utilized. 
The grid bias may be turther adjusted by changing ¢ 
of the cathode resistor. It should be noted that, witn 
cathode bias, cutoff cannot be nuintained with a steady d-c 
signal, because the bias is obtained by means of the plate 
current flowing through the cathode resistor. At cutoit, no 
plate current flows, and therefore no bias will be obtained. 
But with ac, and especially with pulsed signals and the use 
of a large capacitor bypassing the cathode resistor, the bias 
may be adjusted over a considerable range by changing the 
yaiue of the cathode resistor, therct 


Qt which Cuiuil is ieached, Wh. 
negative portion ofthe input signal is not required , the 
percentage of the negative portion which is clipped may be 
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adjusted by varying the peak voitage of the input 
However, the moximur limit of the input signal must in no 
case be great enough to drive the grid into the positive 
region, where gtid hmiting would act to chem the rosie 
peck of the input si 
that port f the waveform. Refer to the previous illus 
Y > input signal is shown 
driving the qrid to 6. is, volt, and the negative peak to —3.9 
at 4.0 velts, and the ne-siqnal bias 
ative swing from ~3.0 to +5.5 

a] swing of 2.5 volts (of which the portion be- 
—4.0 and —5.5 volts, or a total of 1.5 voits, is clip- 
ped), the perceniuge of the neg! n clipned is 
therefore 1.5/2.5, or 60 percent. 
conditions, the percentaye of the neg 
clipped may be increased, by increasing the input signal 
amplitude, only by the ‘aadihonde amount of 1.U volt peak tu 
wit would drive the grid to -6.0 


Under the same circuit 
which is 


neqative peak, ond 10 Ze1U volts on the positive 
peak, which i is the absolute maximum limit witnout incui- 
the additional drive on the nega- 
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tive swing, the percentage of the negative portion clipped 
would thereby be increased to 2.0/3.0, or 66 per cent. 

The circuit of a triode cutoff limiter used in a specific 
opplication is shown in the following illustration. This 
cutoff limiter is used in the modulator circuit of Radar Set 
AN/SPS-10D, and in this application begins the snaping of 
a sine wave at a frequency of 650 cps, obtained from a 
repetition rate oscillator, to a square wave. In the absence 
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Triode Cutoff Limiter Used in Modelator of Radar Set AN/ 
SPS-T0D 


of an input signal, V1 is cut off by the positive voltage 
present at the cathode, obtained from the voltage divider 
composed of the two cathode resistors and resistor R 
returned to +300 volts, de, Resistor R in this circuit re- 
presents the conduction through another triode tube. The 
O. yf capacitor across the 2.2K resistor in the cathode 
circuit acts to maintain the cathode bias at a constant 
average value. The input to the grid of Vi is a sine wave 
of approximately 90 volts peak to peak. As the input voltage 
increases on the positive portion of the input signal, the 
grid voltage overcomes the positive bias voltage at the 
cathode from the voltage divider, and the triode conducts. 
The output signal, which had maintained a flat top at +300 
volts, de during the cutoff interval, now begins to fall in 
accordance with the rising sine wave input signal, because 
of phase inversion within V1. The output signal maintains 
the 1550-usec pulse width of the input signal, but has a 
waveform which is approximately a square wove, with the 
positive peaks cut off sharply, and o peak voltaye of 95 
valts, as shown in the illustration. 


FAILURE ANALYSIS. 

No Output. Assuming that cn input signal of correct 
polarity and sufficjent voltage is being furnished to the 
triode cutoff limiter, the cause of a no-output condition 
could be one of several possibilities. The triode tube 
itself should be first suspected. If the tube is found to be 
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capable of operation, the input signal may not be present 
at the grid of the tube, because of an open coupling capaci- 
tor. The absence of voltage at the plate, due to an open 
plate load resistor, an inoperative power supply, or a 
shorted bypass capacitor across a plate load decoupling 
circuit, if such o circuit is used, may be responsible for no 
output, as may also an open cathode tesistor. Finally, an 
open output coupling capacitor, if used, would prevent the 
output from the limiter from being furnished to the following 
stage. 

Reduced or Unstable Output. Several conditions could 
contribute to a reduced or unstable output from the triode 
cutoff limiter. A reduced value of plate voltage, due to a 
defective power supply, or an aging triode tube due to low 
cathode emission, may be responsible for a reduced output. 
An open cathode bypass capacitor would be the cause of 
degeneration, ondteduce the output signal. If a fixed cath- 
ode bias is obtained from a voltage divider in the plate 
voltage supply line, such as shown in the second circuit 
illustrated herein, and if the resistor on the high side 
should become open-circuited, the operation of the circuit 
would be changed from fixed bias to self (cathode) bias, 
thereby changing the point of limiting, with the possibility 
of a distorted, or even excessive, output. An open grid re- 
sistor, if used, may cause grid ‘blocking! and severe dis- 
tortion. In addition, the possibility of an input signal of 
incorrect waveform, or of insufficient amplitude, should not 
be overlooked in cases of reduced or otherwise faulty out- 
put. 


TRIODE OVERDRIVEN AMPLIFIER LIMITER. 


APPLICATION. 

The triode overdriven amplifier limiter is used to limit, 
or clip, both the positive and the negative peaks of an input 
signal waveform. It is also used to steepen the sides of 
on input signal heving a waveform which is approximately a 
square wave. 


CHARACTERISTICS. 

Input is generally a sine wave, or a partially squared 
wave produced from a sine wave by a preceding limiter. 

Output is usually a square wave having relatively 
steep sides. 

Output signal is out of phase with input signal. 

Amplitude of output signal may be higher or lower than 
input amplitude, depending upon the points at which the 
positive and negative peaks are clipped. Amplification is 
afforded by the circuit to the input signal, before the 
peaks are clipped. 


CIRCUIT ANALYSIS. 

Generol. The triode overdriven amplifier limiter 
accomplishes its limiting action by combining cutcif limit- 
ing with saturation limiting (or with grid limiting). The 
principal use of this type of limiter is to produce a square 
wave, having steep sides which are very close to true vert- 
ical, from an input signal whose waveform is only a rough 
epproximation of ¢ squate wave, having sides which deviate 
at considerable angles from the vertical. The preceding 
circuit which furnishes the input signal should nave an out- 
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put impedance which is relatively low, and therefore be cap- 
able of delivering powes, because a current of some degree 
is drawn by the grid of the triode when it is driven positive. 
The preceding circuit should also be capable of furnishing 
an input signal of considerable amplitude, so that the slope 
of the sides of the waveform may be as nearly vertica] as 
before amplification and limiting. 

uit of a typical triode 
overdriven amplifier limiter is shown in the following illus- 
tration. In this circuit the input signal is applied directly 
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Typical Overdriven Amplifier Limiter and Input-Output 
Waveforms 


to the grid of the triode, V1, and no grid resistor is used, 
Since the source of the signal has a low impedance and 
thereby can furnish current to the grid of V1, no limiting is 
performed in the grid circuit. No cathode resistor is used; 
hence the gnd is operated ot zero bias, The input is a very 
large amplitude signal, often ten times the value req 
drive the tube to cutoff and to saturation. When the input 
signal rises, the plate current also rises until the point of 
plate current saturation is reached. The input signal con- 
tinues to rise to its peak; however, the plate current cannot 
increese further because it is already at maximum. During 
this time, the plate voltage is limited to its minimum vatue, 


to fall, it drops below 


this time the plate cutrent again follows the inout siyndi. 
As the input signa! continues t , the plate Curient 

decreases accordingly to cause the piate vol 
until the plate current is cut off by the input Staal The 


ORIGINAL 


906, 000. 102 LIMITERS 
plate voltage is thus limited to its maximum positive value, 
When the input signal passes through its negative extreme 
and begins to rise, it rises above the cutoff point and, 

once again, plate current begins to flaw. 

The action of the triode overdriven amplifier with am 
input sine-wave signal of sufficient amplitude is shown in 
the following illustration. This illustration shows the 
dynamic conditions exisiing if the ¢: circuit, b on utiq 
lizing the triode section of a type 65Q7 tube, with an input 
signal having an amplitude sufficient to drive the grid into 
plate current saturation on the positive swing, and beyond 
cutoff on the negative swing. It may be seen that the plate 
current flowing, in the absence of on input signal, is 0.8 ma. 
When the input signal rises on the positive portion of its 
cycle, the plate current increases from 0.8 ma to approx- 
imately 1.4 ma, at which point piste curteni suiuidiion 
is reached. As the input signal continues to rise to its 
peak, the plate current cannot increase in accordance with 
the input sional, because it is already at its maximum value, 
The plate voltage at this time is at its lowest value, wi 
nearly al! of the plate supply voltage, Ep», existing as 0 
voltage drop acrass the plate load, (A small portion of the 
total voltage drop exists actoss the plate-to-cathade re- 
sistance of the triode itself.) The plate current is thereby 
limited at the saturation value, and the output voltage is 
limited at its lowest value, until the input signal passes 
through its positive peak and falls again below the saturc- 
tion point. At that time the plate current begins to fall in 
accordance with the input signal, and, consequently, the 
output signal begins to rise. The input signal continues to 
fail as the positive puition of the input cycle is completed 
and the negative portion begins. 

As the input signal continues to fall, the plate current 
continues to decrease until the grid voltage reaches -2.9 
volts. At this point cutoff occurs, and the plate current 
bas decreased to zero, The output voltage at this pcint, 
with no plate; current flowing and therefore no voltage drop 
through the plate load resistor, has increased to maximum 
(the value of Eps). The plate current is thereby limited ot 
zeto, and the output voltage is limited at its maximum 
value, until the input signal passes tough its negative 
peak and rises again to the cutoff point. At that time plate 
current again begins to flow, and the output voitage beg 
to fall, until the piate current incteases to 0.8 ma when 
negative portion of the input cycle is completed, 

It becomes evident, from the preceding illustrat ih 


that ihe point a the positive portion of 
signal is clipped (plate current saturation), and the point 
at which th he input siqnal is cl 
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Operating Choracteristics of a Fypical Overdriven Amplifier Limiter 


{cutoff), may be adjusted by changing the slope of the load 
line and the plate load resistance, The slope of the load 
line may be increased by increasing the plate supply volt- 
age, Ey», and at the same time increasing the plate load 
resistance. This will produce a larger positive output 
signal, because it increases the value of the negative input 
signal required to reach cutoff. 

A practical application of a triode overdriven amplifier 
limiter is its use in the timer circuitry of a radar transmit- 
ter, In this application the overdriven amplifier functions 
as one of the stages in a chain of circuits, which generate 
a sine wave in a master oscillator, and from it produce sync 
and timing pulses for the operation of the complete system. 
The overdriven amplifier follows after the master oscillator 
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and a triode limiter in the chain, and it receives an input 
signal whose waveform is that of a sine wave which has 
been approximately squared by a triode limiter. The func- 
tion of the overdriven amplifier is to steepen the sides of 
the square wave from the limiter, to produce a square wave 
having sides as nearly vertical as possible, which may be 
used in a following stage to produce a sharp trigger pulse. 
The circuit of the overdriven amplifier used in this appli- 
cation is shown in the following illustration. In this cir- 
cuit, which utilizes cutoff limiting with grid limiting (in- 
stead of saturation limiting}, the input signal waveform is 
somewhat like a square wave, and of large amplitude, As 
the input signal begins to tise toward its positive peak, 
the plate current remains at zero, since the grid voltege is 
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Waveforms 
until the grid voltage rises fa aaa less 
le then conducts, 
as sie qrié voltage When 
the signal drives the cric te zero bigs, grid current begins 
to flow, limiting any furtner rise of the grid voltage at this 
point. The grid current charges couslins capacitor Cl, 
through the relatively low srid-to sions tesistance of tri- 
ode Vi, ic an average volt , serves as a highly 
negative bias jor tne arid cf ‘sige Vl. During this time the 
plate (output) volicae nag fallen chruptly, decreasing near- 
ly to zero, and it remains at that value until the grid signal 
falls, from its po. to zero, At zero 
bias, the oe current Pee 
voltage | 


when co 


below cutoff, 


aan of Ba Tom t —- it should be 
noted that the negative perticn of the cutput waveform is 
narrower than the positive porticn; this is due to the fact 
that the tube conducts only during a portion of the positive 
halt-cycle of tne input signal, wr remains nonconduc- 
tive during the er:tire negative hali-cycle. 


“i 


FAILURE ANALYSIS. 
Ng Output. 


ede: overdi 
tube, faiiure of 
vatpul coup, 


input signal. 4 


on open plate load resi. 
decoupling circuit is 
erative, 


i render the circuit inop- 
j A shorted de 
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tor in the input grid circuit, if one is used, wouid likewise 
prevent any output from being produced. 

Reduced os Unstable Output. When the output of the 
triode overdriven amplifier becomes unstable or is of re- 
duced value, a low value of plate voltage, due to a defec- 
tive power supply, or an increased value of plate laad 
resistance, due tu u defective or “aging! resistor, may be 
the cause of this condition. Either a leaky input or out- 
put coupling capacitor or an open arid resistor could be 
tesponsible for unstable operation. The triode tube itself 
may have low cathode emission; this would produce a re- 
duced output. Finally, the input signal itself should be 
checked ta ascertain whether i: 


has sufficient amplitude, since any deticiency in the input 
signal would be evident in the cuiput from the overdriven 
amplifier, 


PENTODE LIMITER. 

A limiter is a circuit used to reduce, or for all prac- 
tical purposes, remove the effect of unwanted amplitude 
variations, which occur because of inherently different 
levels, atmospheric disturbaices, or because of unequal 
response of tuned circuits wi a receiver, or ina 
combination of circ to a specific voltage 
level either the positive, the negative, or both portions of 
the waveform. 

Two major uses for limiters are found in video cir- 
cuitry and radio frequency circuitry. In video circuitry 
the limiter follows the video detector stage ant precedes 
thelow level, cathode-follower output stage. In this 
position it performs the function ef both amplifying ond 
limiting low level video sig of r- 
cuitry the limiter is located after the last i-f omplitier 
stage and prior to the discriminator (detector) stage in an 
imreccivern, Horeagain it cemeate a 
as well as Limit it. The limiter is important in both video 
and r-f circuitry, since in both cases the circuitry follow- 
ing the limiter stoge is sensitive to amplitude variations. 

Limiting is accomplished by utilizing the cutoff, 
saturation, and grid current characteristics of an e 
tron tube. Careful examination of the two types of vacuum 
tubes (triode and pentode) which are most feasible for use 
in limiter circuits reveals the advantages of the pentode 
over a trinde_ 
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and not apparent in the triode. 
mits the tube to attain cuter Boe eseicg 
(smaller) signal. At the some time, the pentode has the 
advantage ot areater electrode voltade swing. This is 
made available by the large range of voltages which m 
be applied to not only the plate of the tube (us 
of the triode} but also the screen: arid. The qreater the 
screen voltage, the larger is the range of plate current 
and applied voltage. These characteristics make avail- 
able a greater range cver 
conduction may occur. 
When both ptare and screen orid voltages are lo 


asmolier input signal rs required to 
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values are also required to drive the tube to cutoff; there- 
fore, better limiting is provided for weaker input siqnals 
when lower electrode potentials are used, rather than the 
full rated operating potentials. 

On the other hand, by increasing electrode potentials 
and utilizing grid leak bias good limiting can also be ob- 
tained and, at the same time, a higher overall gain is made 
available, 

In addition to the previous advantages, the pentode 
also has a higher transconductance (gain) which produces 
a higher signal to noise ratio. It also has o higher ampli- 
fication factor and better isc!ation between input and output 
impedances, which is an advantage in almost any circuit. 
Thus, it is seen why a pentode is to be preferred over a 
triode for limiter circuitry. Typicc! pentode limiters of the 
video and r-f type are discu tail in the following 
paragraphs in this section 


VIDEO LIMITER. 
APPLICATION. 


The video limiter is used to amplify and limit to a 
specific amplitude low level video input signal voltages 
in radar and television equipment. 


CHARACTERISTICS. 

Constant output is obtained once the limiting level is 
reached. Linear amplification occurs up to limiting level. 

Screen qrid and plate voltajes determine limiting level 
for a specific bias. 

Best performance is obtained with sharp cutoff pentode— 
has rapid rise time —has little droop. 


CIRCUIT ANALYSIS. 

General. The pentode video limiter is located between 
the video detector and the low leve! cathede follower 
output stage in radar and TV receivers. Cutoff type 
limiting, rather than grid current or plate saturation limiting, 
is preferred in video limiter operation. Cutoff limiting oc- 
curs when the limiting level is determined solely by the 
cutoff bias level. Grid current limiting occurs when suf- 
ficient grid current is drawn to produce the desired limiting 
bias. Plate saturation limiting occurs when the grid bias 
is low or at zero and the signal crives the plate current 
into the saturation (no current change) level at which 
limiting occurs. 

The limiter is supplied with a neqative signal from the 
video detector. The signal is restricted in its neqative 
amplitude direction by biasing the limiter tube so that 
cutoff occurs at the point where the desired negative volt- 
age anplitude is attained. As the negative voltage is ap- 
plied to the grid of the pentode it is inverted and amplified 
at the plate and coupled to the ccthode follower following 
the limiter stage. 

A pentode tube is preferred in limiter applications for 
several reasons. The primary reason is that the pentode 
inherently has sharp cutoff capabilities. This allows the 
tube to reach cutoff bias with c less negative-going 
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(smaller) signal than normally would be required, and thus 
performs better for smaller input signals. 

Grevit Operation. The schematic of a typical video 
limiter circuit using a pentode type of electron tube is 
shown in the accompanying illustration. 


AVG. GRD. LEAK BIAS 


Pentode Video Limiter 


The input signal is capacitively coupled through coup- 
ling capacitor C, to the grid of V,. The combination of 
capacitor C, and grid leak resistor R, establish the bias 
potential. Plate load resistor R, is used to develop the 
plate output voltage. The screen grid dropping resistor 
R3 drops the screen grid voltage to the proper value and 
bypass capacitor C, places the screen at ground potential 
for video. 

Without a signal applied, only contact bias is devel- 
oped and the tube operates near zero bias. At this point 
the plate and screen grid voltages largely control the 
amount of plate current flowing. 

With the application of the neqative input signal (ob- 
tained from the video detector) to C,, grid leak bias is 
established by the combination of C, and R,. This is 
somewhat different than the grid leak bias explained in 
paragraph 2.2.2 in section 2 of this Handbook since in 
this application only negative pulses are used. 

When the input signal used is first applied, the cur- 
tent through C, is maximum andthe total input voltage is 
dropped across R,, with electron flow through R,, placing 
the control grid at a negative potential with respect to the 
cathode. C, charges through R, for the duration of the 
pulse. The capacitor then discharges through R, for the 
period between pulses. Before completely dischercing, 
however, C, begins to charge again with the cpplication 
of a new pulse. After a few cycles of operation, an average 
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negative voltage (bias) is established at the control arid of 
the tube because of the relation of the time constant of 

C, R, to the duty cycle of the input signal. This negative 
voltage {bias} establishes the cutoff point for limitina, 
which is determined from the plate current versus grid 
voltage characteristic curve of the particular pentode used 
for V,. This average negative bics voltage detemnines 
where the input signal causes cutoff to occur, and thus, 
which portion of the input signa} will be reproduced. 

With the application of the input pulse, plate current 
flows for that portion of the pulse above cutoff. Once 
the tube reaches cutoff the current is at zero and remcins 
at this point for all portions of the neqative signal beyond 
cutoff regardless of whether or net the input siqnat in- 
creases, At cutatt, the pinte unitage is at its maximum 
and, likewise, will remain at this limited amplitude for all 
portions of t ignal heyond cutoff. The plate volt- 
age then d inimum valuc when the plat: 
tent is brought buck to its wiuximum value by the trailing 
edge of the negative input pulse. Note that during the 
entire time the signal is less than the cutoff bias value, 
no limiting occurs. Thus, in the region fromm zero bias to 
cutoff, normal tube amplification action occurs. Hence, 
limiting occurs only for those input signals which are 
lergerin amplitude than the value of cutoff bies. The 
larger the input signal, the more effective the cutoff action. 

The limited voltage output level is also controlled 
slightly by the plate and screen grid voltages of the tube 
since these voltages in addition to the biasing level af- 
fect the tube characteristics and control the tote! amount 
of piute current tiowing. The approximate magn: 
limited output can be obtained from the product of load re- 
sistor R, ans the plate current (in miilli< 3} 
signal applied. 

Circuit Variations. If the plate current changes be- 
tween pulses because of a duty cycl 
limiter output voitaqe is altered accordine 
current change occurs if the duty ratio of the input signal 


is increased, 
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the screen current, since the voltage division is fixed at 
that developed across R,. 


FAILURE ANALYSIS. 
No Output. In a pentode video limiter, a no-cutput 
condition may be caused by any of the following (provided 


om onen 
anonen 


at Sianal ic tho orener - 
ut signal ic the proper 
coupling capucitor C,, un open bids resistor R, or plate 
resistor R,, or by sbsence of picte or tage, 

a defective tube V,. To determine the component at fault, 
first check the supply voltage and then the plate and screen 
voltages with a igh resistance volt;neter. If the supply 
voltage is low or zero the trouble is in the power supply or 
primary fuse. If the supply voltcye is normal but the plate 
voitage is low or zerok plate ioad resistor A, may have in- 
creased in value or is open. Likewise, if the screen voltage 
is low or zero, screen resistor R, may have increased in 
value or is open. Check R, and R, for value with an ohm- 
meter. Note that zero screen voltage will also occur if 
screen capacitor C, is shorted. Meanwhile the excessive 
current drain through R, will cause it to heat, smoke, and 
eventually bum out. Check for a shorted C, by measuring 
the resistance to ground from the screen terminal. If both 
plate and screen circuits are satisfactory, check for a 
signal on the grid of V, using a vacuum tube voltmeter or 

an oscilloscope. If the signal appears on the grid but no 
output is obtained, check R, for proper value and continuity, 
since an open grid resistance wil! cause grid-blocking. 


The blocked grid will be indicated by no output and a large 
negative grid bias which reduces as the meter is connected 
from grid to ground substituting for the grid resistor. As 
the meter is left across the circuit unblock.ng will occur, 
and when the meter is removed the grid will again block, 
This indicates R, is either open or so large in value as to 
be useless. If coupling capacitor C, is shorted the plate 
voltage from the preceding stage will drive V, into 
piate current saturation. Such a conditicn will be indicated 
by obtaining identical voltage readings to qround from 
either side of C, , or by checking for a short with an in- 
circuit cupacitunce checke:. If all tests are nweital 
trouble persists the tube is most probably at fault. 
Reduced or Distorted Output. This condition may 
+ = ivy 


Lage as are be : 
peC SuSE? Cops, Oreremercas 


te or screen voltage, or by 


horted, plate and/or 
¥, is detective. 


screen grid bypass capacito; C, is 
screen voltage is reduced, ox ti 


Aig becuse i 


sotnlata ap cerean arid 


yap increase in the resistance of R, or R, 
will Wiso Cause leduced Guipar yuliuye. 

To determine the component at fault, first check the 
supply voltage and then piste and screen voitages with a 
high resistance voltmeter. If the supply voltage is lew the 
ttouble is in the powe: ply. ry voltage is 
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normal but the plate voltage is low, plete load resistor R, 
may have increased in value. Likewise, if the screen volt- 
age is low screen resistor R, may have increased in value. 
Check R, and R, for value with an ohmmeter. If zero 

screen voltage exists screen capacitor, C, may be shorted. 
Check C, for shorted condition by measuring the resistance 
to ground from the screen terminal. If the signal appears on 
the grid of the tube but the output is not limited to the pro- 
per value and the electrode potentials have been checked, 
check R, for proper value with an ohmmeter. If R, is not 
within tolerance this condition will exist. If C, is shorted the 
DC plate voltage from the preceding stage will drive V, into 
plate saturation. This condition is indicated by identical 
voltage readings to ground from either side of C,, or by 
checking for a short with an in-circuit capacitance checker. 
If all tests are normal ond the trouble persists, the tube is 
most likely at fault. 


R-F PENTODE LIMITER. 


APPLICATION. 

The r-f pentode limiter is used in f-m receivers to re- 
move amplitude variotions from the i-f signal prior to being 
applied to an f-m detector circul 


CHARACTERISTICS. 

Constant output is obtained once limiting level is 
reached. Linear amplification occurs up to limiting level. 

Screen grid and plate voltage determine limiting level 
for specific bias. 

Grid limiting ond plate current saturation limiting are 
used in conjunction with cutoff limiting. 

Best performance is obtained with sharp cutoff pentode- 
has rapid rise time-has little droop. 


CIRCUIT ANALYSIS. 

General. The pentode r-f limiter is located between the 
last i-f amplifier stage and f-m detector stage. Grid current 
or the plate current saturation type of limiter operation 
is usually used for r-f limiters. Cutoff limiting is also 
used with one of the aforementioned methods, but it is not 
used by itself, since this method can only limit the 
negative halves of the alternating input waveform. 

The pentode, besides offering sharp cutoff characteris- 
tics, makes available a greater range of screen grid and plate 
voltage. Operating the plate at a low voltage produces 
plate current saturation, as well as plate current cutoff, 
more readily. In order to do this, the plate load resistor 
must be large enorigh to produce a load line below the knee 
of the pentode tube characteristic. Since the magnitude of 
the plate load resistor can not be made too large in wide- 
band limiter design, grid current limiting must be used where 
a wideband limiter is required. The effective signal volt- 
age values that may produce current change, are those 
between the cutoff of the tube and the point at which grid 
current flow occurs or plate saturation occurs. These points, 
then are the limiting levels of the circuit. 

Cirevit Operation. A schematic of a typical r-f limiter 
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type of electron tub 
ction. 


circuit using 9 pent: 
the accompanying ill. 


ce) 
fob 


Pentode R-F Limiter 


The input signal is inductively coupled from the pre 
ceding i-f stages throucn primary L] (of Tl) to secondary 
L2, with Cl and L2 providing the proper tuning and selec- 
tivity for i-f output transformer Tl. The i-f signal is then 
capacitively coupled to the gri¢ of V1 through coupling 
capacitor C2. The combination of capacitor C2 and grid 
leak resistor Rl establishes the bias potential by grid cur- 
rent flow when a signcl is applied. Plate load resistor R3 
is used to drop the plate supply to the desired value of 
plate voltage. Screer grid dropping resistor R2 drops the 
supply voltege tc the prope: screen voltage value and bypass 
capacitor C3 places the n grid at ground potential for 
i+. C4 and L3 (of T2) form another tuned i-f circuit which 
enables the proper band of output frequencies to be in- 
ductively coupled by L4 to the f-m detector. C5 in con- 
junction with plate load resister R3 forms a decoupling cir- 
cuit. 

When a positive-going input signal is applied to the grid 
of limiter V1 grid curren: fiows, charging capacitor C2. The 
plate of C2 closest tc the grid of V] becomes negative and 
the opposite plate positive. When the signcl swings neqa- 
tive, capacitor C2 discharces through resistor Rl. The 
capacitor discharge current develops a voltage across Ril 
which makes the crid negative with respect to the cathode. 
When the input signa! again goes positive, C2 has not had 
sufficient time to discharge completely. No further grid cur- 
rent is drawn until the input signal becomes sufficiently posi- 
tive to overcome the residuc! negative cherge remaining on 
capacitor C2. Each additional cycle adds a little to the 
charge that remains from t! e. After several 
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cycles of opercticr. an 
voltage across Ri 

stant voltage acroz 
around which the inde ¥ 


cverage bias value 
itage fluctuates. This bias point 


jast factor ¢ 


the gid teak bias 


imal ¢ -amplirade nereases 
“here arid current 

flows, the charge on the plate ot fereyeoterkters C2 clusest io the 
grid becom 
The arid hic 


same an 


porti on 


occurs, because 
that the grid cay 
constant peak plate 
which minimum plate voltage is obtain | 
This stcble or 
can diso be obtained by lowering the screen grid ond piste 
voltage values to where plate current saturation, rather 
than grid current flow occurs, wh ive fe portion of 
the input signal reaches or exces: s 
peak voltage. At this p 
will no longer increase with an 3 pee in signal amplitude. 
Since plate current is maximum, then tie plate cutout valt- 
age is minimum, and remains at this Hi 
any increase ir input simcl omplitude. 
Although this method facititates reeching cutof 

a less negative-going signal because of the Inv 
potentials, it is samewhat restricted by the 
the plate load resistor. In order for pic 
occur before grid current flow, the 
must be increased to decrease eifect! 
plate. By incressing tne size of the plete lo 
HoWever, 1 the enol bandwidth of the ronnie 


(limite?) plete output voltage 


sistor value 
enol at the 
resistor, 
lowered. 


longer flows ai u 


maximus < 


"Telalig will only occur when the signal amplitude ex- 
ceeds the voltage extremes n tid current to f! 
on the positive h 


for-cutoff to occur. 
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amplitude extremes will result in plate current changes and 
plate voltage variations in accordance with this signal 
strength and no limiting. In order te have a constant limited 
output, then, the input (drive) signal strength must exceed 
the points where grid current flow and cutoff occurs. 


FAILURE ANALYSIS. 
No Output. In a bentode :-f limiter a no-cutput condition 
may be caused by any of the following (provided the siqnal 
from the previous stage is the proper value): a shorted in- 
put tank circuit capacitor Cl or output tank circult capacitor 
C4, a shorted screen bypass capacitor 03, an open or shorted 
transformer Tl of T2, an open coupling cep: 


onen hias resistor RL, or by Isck of 


gwen 
or Ud, Gn 


ie yeliuae caused 
by an open plate resistor, R3, or a shorted plate bypass 
capacitor, C5, of by a defective tune V1. 

To determine the components at fault, first check the 
supply voltage, then the plate san} screen voltages with c 
high resistance voltmeter. If the supply voltage is normal 
but the plate voltage is low or zero, plate load resistor R3 
May have increased in value or opened. Check R3 for 
yalue with an ohmmeter. To check if capacitors Cl, C3, C4, 
or CS are shorted, use an in-circuit capacitance checker. If 
the capacitor C2 is open or if Tl is defective, no signal 
would be present at the grid of V1. This may be checked 
by an oscilloscope. If the plate circuit is satisfactory and 
a signal appears at the grid of VI, but there still is no 
output, check resistor Rl for proper value and continuity, 
since an open grid resistance will cause grid blocking. The 
blocked grid will be indicated by no output and a large 
negative grid bias which reduces as the voltmeter is con- 
nected from grid to ground substituting for the grid resistor. 
As the meter is left across the circuit the blocking action 
will subside. When the meter is removed the grid will again 
become blocked. This indicates that Rl is either open or 
so large in value that it is uscless, 

If {1 is open or shorted no input signal will be applied 
to the grid of V1. Likewise, if T2 is open or s! 
output will he obtained, Check the resi 
corresponding transformer primories ant seconiaries with 
to tum off the plute power defore 
measuring). Ti the TRBIEIO ES ugha abtaine 
winding is shortec. If the value obtained is infinite, the 
winding is op: nomnal unc tie trouble 
sists, the tube 

Low or Distorted Output. 


st likely ot fa 


open, rezister Rl Suing of 
a portial short, or ti:he ¥ 


output. 


Ti wili rot te at the: prgner 


result. r 


eseillatierse aid sidw tute. Tf screen bypas 
is shorted, the screen and uipat volts 
duced and Zl i 
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because of excessive screen cursent. If screen bypass 
capacitor C3 is open, resistor R2 will hove dropped across 
it the r-f voltage occuring at the screen grid, which will 
produce degeneration and result in altered screen ond 
plate currents, and plate voltage. Reduced screen or 
plate voltage, caused by increased resistance of R2 or R3, 
will also cause a reduced output voltage. If capacitor C4 
is open, the tuned circuit of L2 and C4 will not be resonant 
to the proper i-f frequency band. If C5 is open, the r-f 
voltage appearing at the plate will be fed back into the 
power supply through R3 and cause feedback with possible 
oscillation. 

To determine the component at fault, first check the 
supply voltage and then the plate and screen voltages with 
a high resistance voltmeter. If the supply voltage is low the 
trouble is in the power supply. If the supply voltage is 
normal but the plate is low, plate load resistor R3 may hove 
increased in value. Likewise, if the screen voltage is low, 
screen resistor R2 may have increased in value. Check R2 
and R3 for proper value with an ohmmeter. 

A reduced plate or screen voltage may also be 
caused by open capacitors C3 or C5, Check C3 and 
C5 with an in-circuit capacitor checker if prior checks 
have failed to find the fault. This same check (in-circuit 
capacitor checker) may be used if symptoms seem to in- 
dicate open capacitors Cl or C4. If V1 is at a constant 
saturation level, check C1 for a short by measuring the 
voltage from each plate of C1 to ground with o high resis- 
tance voltmeter, or by checking for a short with on in-circuit 
capacitor checker. If symptoms indicate trouble in either 
input or output tank circuits and capacitors Cl and C4 are 
not defective, remove one lead of the suspected winding and 
check the d-c resistance value of the winding. If all tests 
ore normal and the trouble persists the tube is most likely 


at foult. 


CHANGE 2 15-A-28 


LIMITERS-PENTODE 


ELECTRONIC CIRCUITS NAYSHIPS 


PART B. SEMICONDUCTOR CIRCUITS 


DIODE LIMITERS. 

The semiconductor diode limiter is comparable with the 
electron tube diode limiter; therefore, the general considera- 
tions on limiter circuits discussed in Part A ~ Electron 
Tube Circuits, of this section are generally applicable. 

Tn addition to its smal! size and lack of filament power 
requirements, the semiconductor diode is more economical 
from a cost standpoint than the electron tube diode. Al- 
though the semiconductor diode may be operated at some- 
what lower power and voltage levels than the electron tube. 
the difference in operating levels is slight. Usually there 
is no problem in obtaining a semiconductor diode with peak 
Cue ond seal tage ratings equal to those of a 
given electron tube diode. In fact, in most instances the 
semiconductor diode has a current rating higher than thet 
of the comparable electron tube. The forward and reverse 
resistances of the semiconductor diode are different from 
those of the electron tube. Generally speaking, the lower 
forward resistance of the semiconductor makes it more 
efficient than a tube in a clipper circuit, because the loss 
across the diode is less. On the other hand, this advantage 
is somewhat offset by the fact that the semiconductor diode 
has a finite reverse resistance, rather than the almost in- 
finite reverse resistance possessed by the electron tube 
diode. In communications work, the clipper is used to clip 
off the peaks of modulation and allow a higher overage per- 
centage of modulation to be employed. In this application, 
both the positive and the negative peaks ate usually clipped, 
requiring the use of both positive- and negotive-lobe clip- 
ping cricuits. As far as types of limiter circuits are con- 
cerned, both the semiconductor and the tube diode are 
identical, each providing two general classes — the series- 
diode limiter, and the shunt-diode limiter. As a result five 
diode circuit variations are available: the series-circuit 
pesitive-lobe clipper, the series-circuit negative lobe 
clipper, the shunt-circuit positive-lobe clipper, tne shunt- 
circuit negative-lobe clipper, and the two (double) diode 
Positive-and negative-lobe clipper. Each of these circuits 
will be discussed in this section. 


SERIES LIMITER, POSITIVE-LOBE. 
APPLICATION. 


The series li d 


fis used in commur 
as a speech clipper, in electronic equipment » 
tude limiting is desired {such as FM receivers or 
mitters) and in waveshaping citcuits where all or o portion 
of the positive halt-cycle of a waveform is to be clipped 
particulorly suited for squaring off a 


It is used universally in display circuits 


ei 


peaked buouslonih 
for modifying waveforms and determining the levels at 
which they are clipned ar limited. 


CHARACTERISTICS. 

No amplificotion is realized in the citcuit; because of 
circuit losses the output amplitude 1s slightly less than 
the input amplitude. 


Neg 


waveform is either partially or compietely clipped. 


ee ad « 
Uvé waveform is passed unche: 


ORIGINAL 
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Phase of waveform is unchanged (output phase is same 
as input phase). 

Presents a low (forward) resistance to a negative signal, 
and a high (reverse) resistance to a positive signal. 

Tsolates output circuit from input circuit in nonconduct- 
ing condition. 


CIRCUIT ANALYSIS. 

General. A limiter circuit is used to accomplish any of 
the following functions: to square off the peaks of an 
applied signal, to obtain a rectangular waveform from a 
sine-wave signal, to eliminate the positive (or negative) 
portion of a waveform, or to keep the input amplitude to an 
FM detector at a constant value. The positive-lobe limiter 
is desicned to effectively eliminate or reduce the positive 
portion of the input signal. 

Circuit Operation. A schematic diagram of a typical 


series-diode positive Jobe limiter is shown in the accompany- 


ing fia 
ing figure. 


Series-Diode Positive-Lobe Limiter 


As can be seen, diode CR is connected in series be- 
tween the input and output, with Rl serving as the load re- 
sistor. When a positive input is applied between the cathode 
and ground, the cathode is made more positive than the anode. 
and the diode does not conduct. Thus, for this condition 
only the reverse resistance of the diode (which will be 
discussed later) will allow any signal to pass to the load. 
When the input signal is negatively polarized, the cathode 
egative than the anode and the diode conducts. 

When the diode conducts, electrons flow opposite the direc- 
tion of the arrow through Rl to ground, and the polarity ot 

the voltage developed across Rl is negative with respect 

te ground, as shown in the illustration. The amount of 
current flow cnd the resistance value determine the output 
yoltage produced. Since the torward resistance of the j 
is in series with Ki to ground, togetner they form a vol 
divider and the output voltage taken across R1 is always 
Jess than the input voltage, (The loss (voitage drop) pro- 
duced by the forward resistance is shown in dotted lines 
Gn the negative portion of the we 
the symbol vr in the illustration.) Also since the lead re- 
sistor is not frequency-selective, the waveform of that 
portion af the signal produced by forward current flow through 
the resistor is the seme as the waveform of the original 
siqnal (except where clipped) and of the same phase. The 
polarity, of course, is always negative. In forward con 
Bsmes 


is 


ge 


ified by. 


tho dicde-con be consigered as @ swiich which 


Se aNEES 


ass at 
Since the diode is ¢ 


CONNECTS the output wo Cae ipui. 
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conductor, it introduces a slight amount of resistance, 
usually not more than 10 ohms, in series with the circuit. 
When the diode is nonconducting, its reverse resistance is 
telatively high (50K to 1 megohm, or greater), but finite 
(unlike the electron-tube reverse resistance which is usual- 
ly infinite). In most applications, the reverse-resistance 
value is high enough to have little effect on circuit opera- 
tion, but in a series limiter its effect may be important. 

The following figure shows the equivalent circuit for a 
diode limiter with a back resistance of 50K, plus a load 
resistance of 50K. As is clearly evident from the figure, 

the diode resistance, Rl, and the load resistor, Ri, form 

a voltage divider across the input. Even though the diode 
is not conducting, in the forward direction, the small leak- 
age current which flows through the diode reverse resistance 
causes it to act as a voltage divider with Rl. Asa result, 
half the applied input voltage appears in the output circuit. 
This illustrates the serious disadvantage of semiconductor 
limiters. As shown in the figure, the positive portion of 

the waveform is only partially clipped, whereas in a vacuum- 
tube circuit the entire positive waveform would have been 
eliminated. One of the practical results of this reverse- 
resistance effect is that diodes of one type cannot be re- 
placed with those of another type (even though voltage and 
current ratings may be adequate) unless their reverse re- 


Ay 


Rite 


Reverse-Resistance Equivalent Circuit 


sistances are similar. Otherwise, the amount of limiting 
or clipping will be different from the amount selected by 
the designer, and improper functioning of following cir- 
cuits con occur, 

Consideration of the equivalent circuit, in the fiqure 
above, during forward-resistance conditions reveals why the 
output waveform can never have the same value as the 
input signal. If the forward diode resistance is assumed 
to be 5 ohms and the load resistance 50K, then the input 
signal will be diminished by an amount equal to the ratio 
of the resistance of the diode and the load resistor, or 
one ten-thousandth. It is clear from this example that 
the forward resistance of the semiconductor diode is 
low enough to produce even less loss than that of the 
electron tube diode, which is never less than 100 chms 
and is usually more. (Practically speaking, 250 chms 
is the average low value with the high value being on 
the order of 500 to 700 chms.) 

The amount of clipping of the input waveform can be 
selected by using a diode which has the proper value of 
teverse resistance, or by placing a negative potential 
(Epp) in series with Rl, as shown in the following figure. 
Tn the latter case, the diode will not conduct until the 
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Vr=Ebp 
cR rie) 


ae ens Evatt pp 


BIASED OUTPUT 


Bias Contro! of Clipping 


input signal is more negative than the applied bias 
(VR). Thus the reverse resistance loading of the diode 
on the input circuit 1s effectively nullified (the reverse 
resistance voltage divider action with Rl is eliminated). 
The complete positive lobe, in this case, is eliminated. 
Note, however, that the voltage divider action produced 
by the forward resistance and Rl still remains, as 
indicated by v¢ in the figure. The total negative 

signal amplitude is reduced by the amount of forward 
voltage drop and the effective negative bias, 


FAILURE ANALYSIS, 

No Output. A no-output condition can be the result 
of either an open-circuit condition (a defective diode, 
or open connection) or a short-circuit condition (Rl 
shorted). A resistance check of the diode and load 
resistor will quickly reveal the defective component. 

Low Output. Lack of sufficient input signal, as well 
as a defective diode, can cause low output. A change 
in value of the load resistor with age, although not 
very likely to occur, can also cause a reduction of 
output, If the diode is biased, a change of bias volt- 
age Can cause improper output. In either case, a re- 
sistance check will determine whether the components 
ate defective, and a voltage check will determine 
whether the bias is correct. Be certain to observe the 
proper polarity when checking the diode with an ohm- 
Meter; otherwise misleading results will be obtained. 

Distortion. Except for the clipping effect, a diode 
limiter produces no inherent distortion. If a distorted 
waveform is obtained, check the input with an oscillo- 
scope to determine whether the input signal is distorted. 
The negative portion of the output waveform should be 
identical to the negative portion of the input signal; 
if it is not, the diode is defective. Another possibility 
{s that the circuit following the limiter introduces 
distortion by feeding back an out-of-phase signal. In 
some Cases, it may be necessary to disconnect the 
limiter output to determine whether such feedback exists. 
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SERIES LIMITER, NEGATIVE-LOBE. 
APPLICATION. 


The series limiter is used 
as a sp 


tude limiting is de 
mitters) and in waveshaping circuit: 

tion of Ve negative half-cycle ot a waveform i 
clipped off. This circuit is particularly suited fer squaring 
off a peaked waveform. It is used universally in display 
circuits for modifying waveforms und detertining the 
levels ct which they ore clipped or limited, 


CHARACTERISTICS. 

No amplification is realized in the circuit; because of 
circuit losses the output ampliti 
the inpu: omplituce. 

Positive waveform is passed u1 
wavefotm is either partially or conipletely c 

Phase of waveform is unchanged (output ph 
as input phase), 

Presents a low (forward) resistance to the positive 
signal, ond a high (reverse) resistance to c negative 
signal. 

Isolates output circuit from input circuit in nonconduct- 
ing condition. 


CIRCUIT ANALYSIS. 


General. A limiter circuit is used to accomplish any 
of the following functions: to square off the peaks of m 
applied signal, to obtain a rectangular waveform from a 
sineé-wave signal, to eliminate the positive or negative 
portion of a waveform, or to keep the input amplitude to 
an FM detector at a constant value, The neqativelobe 
limiter is desiqned to ettect 2 
negative portion of the input siqnel. 

Circuit Operation. A schematic diagram of a tyoical 


series-dicde negative lobe 
lu 


panying illustration. 


eris shown 
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@s-Diode Neaat 


CHANGE 2 


0967-000-0120 LIMITERS-SERIES 
As can be seen, diode CR is connected in series be 
tweer, the input and output, with R serving as the load re 
sistor. When a positive input is applied between the plate 
und giound, the cathode is made more negative than the 
anode, and the diode conducts. When the diode conducts, 


clectrons flow opposite the direction of te arrow from 
ground, and up through R, and the polanty of the voltage 
developed acioss R is positive with respect to ground, os 
shown in the illustration. The amount of current flow ond 
the resistance value determine the output voltage produced. 
Since the forward resistance of the diode is in series with 
R to ground, together they form a voltage divider and the 
output vol'iiye tusen across Bis always Jess than the 
ingut vedtage, (lhe fnzetyeltnge drop} produced by the 
forward resistance is shown in dotted lines on the positive 
portion of the waveform ani identified by the symbol Wr 

in the illustration}, Wher aneqative signal is applied be 
tween the cathode und ground, the cathode is made more 
positive than the unode, und the diode does not conduct. 
Thus, for this condition only the reverse resistence of the 
diode will allow any signal to pass to the load, Since t 
load resistor is not frequency-selective, the waveform of 
that portion of the signal produced by forward current flow 


through the resistor is the same as the waveform of the 


otiginal signal (except where clipped) and of the sane 
phase. The polarity, of course, is always positive. In 
forward conduction, the diode can be considered as a 


switch which connects the output to the input. Since the 
di 


e 


luctor, it intreduces a slight amount of 
introdu! slight amount of 


fesistance, uSudi:y not more tha: 1U onms, in series with 
the circuit.. When the diode is nonconducting, its reverse 
resistance is reiativery nigh (SOK to 1] meqohm, or greater), 
but finite (unlike the electron-tube reverse resistance 
which is usually infinite]. In mest applications, the 
reverseresistance value is high enough to have little 
effect on circuit operation, but in a series limiter its effect 
may be important. The followina figure shows the equiva- 
lent circuit for a diode Hmiter with a back resistance of 
SOK, plus a load resistance of 50K. As is clearly evident 
from the figure, the dicde resistonce, Rl and the load 
Tesistor, RL, tom, a voitage divider across the input. Even 
though the divde is nut cunduuling In the forward dicecuon, 
the smali eakage current which flows through the diode 
Teverse resistance causes ito oct as a voltage mylar, 


t . Hocies 
the wavelom is only partially 


the negative portion 


wliaill dubai i 


ale nes Or 


UVE wavelurin Would Live been elinlnuied. One oi Wie 
tance offect ig that 
diodes of one type canrot be replaced with those of another 
type (evens Gough vultuye und Culfent tulings uy be ade- 
quote) unless their reverse resistances are similar. Other- 
wise, iné amount of iimiung or clipping wil be ditferent 
from the amount selected by the designer, and improper 
functioning of icllowin 


practical res! 


of this reverse ne 
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- RIE + 


INPUT OUTPUT 


Reverse Resistance Equivalent Circuit 


Consideration of the equivalent circuit, in the fiqure 
above, during forward resistance conditions, reveals why 
the output waveform con never have the same value as the 
input signal. If the forward diode resistamce is assumed 
to be S ohms and the load resistence 50K, then the input 
signal will be diminished by on amount equal to the ratio 
of the resistance of the diode and the load and the load 
tesistor, or one ten thousandth. It is clear from this ex- 
ample that the forward resistance of the semiconductor 
diode is low enough to produce even less loss than that of 
the electron tube diode, which is never less than 100 ohms 
and is usually more, (Practically speaking, 250 ohms is 
the average low value with the high value being on the 
order of 500 to 700 ohms). 

The amount of clipping of the input waveform can be 
selected by using a diode which has the proper value of 
teverse resistance, or by placing a positive potential (Ebb) 
in series with R, as shown in the following fiqure. In the 
latter case, the diode will not conduct until the input 
signal is more positive than the applied bias (VR). Thus 
the reverse resistance loading of the diode on the input 
circuit is effectively nullified (the reverse resistance volt- 
age divider action with R is eliminated). The complete 
negative lobe, in this case, is eliminated. Note, however, 
that the voltage divider action produced by the forward re- 
sistance and RI still remains, as indicated by vF in the 
figure. The total positive signal amplitude is reduced by 
the amount of forward voltage drop and the effective 
positive bias, 


FAILURE ANALYSIS. 

No Qutput. A no-output condition can be the result of 
either an open-circuit condition {a defective diode, or open 
connection) or a short-circuit condition (R shorted). A 
tesistance check of diode and load resistor will quickly 
teveal the defective component. 

Low Output. Lack of sufficient input sicnal, as well 
as a defective diode, can cause a low output. A change 
in value of the load resistor with age, although not very 
likely to occur, can also cause a reduction of the output. 
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Bias Control of Clipping 


If the diode is biased, a chance of bias voltace con cause 
improper output. In either case, a resistance check will 
determine whether the components are defective, and a 
voltage check will determine whether the bias is correct. 
Be certain to observe the proper polarity when checking 
the diode with an ohmmeter; otherwise misleading results 
will be obtained. 

Distortion, Except for the clipping effect, a diode 
limiter produces no inherent distortion. If a distorted wave- 
form is obtained, check tne input with an oscilloscope to 
determine whether the input signal is distortec. The posi- 
tive portion of the output waveform should be identical to 
the positive portion of the input signal. Ifit is not, the 
diode is defective. Another possibility is that the circuit 
following the limiter introduces distortion by feeding back 
on out-of-phase signal. In some cases, it may be necessary 
to disconnect the limiter output to determine whether such 
feedback exists. 


15-B-4 


ELECTRONIC CIRCUITS NAYSHIPS 
PARALLEL LIMITER, POSITIVE-LOBE. 


APPLICATION. 
The parelle! |: 


ment as a spe 
amplitude timi F 
transmitters) and in wavesrapir? cirasits were all ora 


portion o enes sitive bol 
portion of the positive 


clipped off. This cirouit is partic: !arl tec for squaring 
off a peakec waveform. It is used universaliy in dispiay 
circuits for modifying waveforms nq the levels 
at which they are clipped or limited. 


eyele of aw 
cycle of a w 


CHARACTERISTICS. 

No amplification is realized in We citcuity 
circuit losses the output cmplituce is slightly 
the input amplitude. 

Negative waveform is passed unchensaed, but positive 
waveform is eter purliully or compl 

Phase of waveform is unchanged (out 
as input phase). 

Presents a low (forward) resistence to the positive 
signal, and a high (reverse) resistance to a negative 
signal. 

Output is taken irom across a aiode. 


CIRCUIT ANALYSIS. 

General. The positive lobe limiter circuit is used to 
accomplish any of the following functions: to square off 
the peaks a an applied sianal, to obtain a rectangular 
waveform from a sine 
portion of a waveform, or to keep she input aniline te an 
FM detector at a constant value. The Positivelobe limiter 
is designed primarily to eliminate cr reduce tne positive 
portion of the input signal. 

Circuit Operation. A parallel, positive-lobe diode 
Emtenis:shown inithe accompanyingallustiation. Inchis 
circuit, diode CR conducts only during the positive portion 
of the input signal. When the input sia qoes positive, 
the diode conducts, and its resistence drops from ¢ very 
high reverse resistance to a very low forward resistance. 
The amount of resistance of the diode in the conducting 
(or the nonconducting state) is determined hy the intemal 
characteristics of the particular diode selected for the 
circuit. Since the resistance value of R is very larae 
compared to the conducting res: 
cally the entire value of the in 
load resistor F, 
across diode CR. This voltage may become neclisinle | 
whe 


istance of the ciede, practi- 


while only G very small voltage dross 


still exist ccress CR 


Son ce Ear. @hon tt 


does not conduct, on 


the reverse resistance of the diese an¢ thus a small Portion 
of the input voltage is cropped 2 
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tevetse resistance of tne diode depends upon the character- 
istics of the diode seiected. Thus, this is one of the dis- 
advantages of the semiconductor diode over the vacuum 
tube. ‘The va verse recisisnce is considered 


The veSuum tube 
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voltage dropped # acIsss R s from the output, 
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Parallel, Positive Lobe Diode Limiter Used as a Positive 
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positive signal to be passed by the circuit, to the cathode 
of the diode, as shown in the accompanying illustration. 
The biasing, or limiting, voltage may be obtained from a 
battery, as shown in the illustration, or from a tap on a 
bleeder resistor connected in the output circuit of a d-c 
power supply. When connected as shown in the illustration, 
with the cathode of CR connected to the positive terminal 
of the d-c source, the cathode of the diode is held more 
positive than the anode by the value of E, in the absence 
of an input signal. As long as the positive cycles of the 
input voltage remain less positive thar E,, the battery bias 
voltage, the diode remains essentially nonconductin, 5 
cause its cathode is positive with respect to the < 
the output voltage is equal to the input volteqe m: 
voltage developed by the reverse resistance of tne diode. 
Since all of the negative cycies of the input voltaze are 
less positive than E,, these too cause the diode to remain 
essentially nonconducting, with the result that the ourp 
voltage is again equal to the input voltaye sir 
developed hy the reverse resistance of th 
the input siqnal increases to a value which exceecs the 
voltage of E,, the mode becomes positive with respect to 
the cathode and the diode conducts, and continues con- 
ducting as long as the input remains more positive than £,. 
During this period of conduction, the output voltage of the 
circuit is equal to the value of E,, and that portion of the 
input signal which exceeds the bias voltage is clippec, or 
limited, appearing as a voltage drop across the diode load 
resistor, R. 


INPUT OUTPUT 


—_ 


Parallel, Positive Lobe Diode Limiter Used to Pass 
Negative Peaks 


By reversing the polarity of E,, the parallel, positive 
lobe diode limiter may also be used where it is desired to 
limit not only the entire positive peaks of the input signal, 
but also a predetermined level of the negative peaks, in 
order to fumish on output only when the negative peaks 
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exceed this predetermined level. With the cathode negative 
with respect to the anode, the dicde is maintained in a 
conducting state in the absence of cn input signal, and the 
output voltage is held at a steady (neqative) dc level 
equal to F,. With an input signal applied to the circuit, 
the output voltage continues to be held at this steady d-c 
level, with the input signal appearing across the diode load 
resistor, R, until the input signal becomes more neqative 
than E,. When this point is reached, the diode no longer 
conducts; and its forward resistance increases to a very 
high value. As a result, theinput signal, which previously 
appeared across R because R was much greater in resist- 
ance than CR, now appecrs across CR and the output 
terminals of the circuit, since CR is now much greater in 
Tesistance than R. The output signal, therefore, contains 
only the negative peaks of the input siqnal which are more 
negative than biasing voltage E,. 


FAILURE ANALYSIS. 

No Output. A shorted diode or an open load resistor will 
cause a no-output condition to exist. The only other likely 
possibility is the absence of the input signal. Check the 
diode and the resistor with an ohmmeter, making certain 
to observe the polarities of the diode, since an erroneous 
indication may be obtained if the proper polarity is not 
observed. If both components check good, check fer the 
presence of the input signal, making sure that it is of 
proper amplitude. 

For the special case where the diode is not completely 
shorted, but reads a very low resistance of, say 200-ohms 
ot less, the diode may be considered defective. 

In the case of the biased limiter, check the bias for 
proper voltage with a voltmeter. In the case of a battery 
bias supply the voltage will be either weak or absent, but 
in the case of the bias supply being o power supply, it 
could also be high. 

Reduced of Unstable Output. A defective load resis- 
tor, R, or a defect in the parallel bramch of the circuit, 
consisting of CR and the bias supply, E,, can produce a 
reduced or unstable output. The only other likely possi- 
bility is a decrease in the amplitude of the input signal. 
The trouble can be localized in the same manner as de- 
scribed above for a no-output condition. 


PARALLEL LIMITER, NEGATIVE-LOBE. 


APPLICATION. 

The parallel, neaative-lobe diode limiter is used in 
transistorized equipment when it is necessary to limit any 
part of the negative portion, or the negative qoing part of 
the positive portion of an input single waveform , and allow 
the remainder of the input signal to pass without modifica 
tion of the waveform. It is used universally in display 
circuits for modifying waveforms and determining the levels 
at which they ore clipped or limited. 
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CHARACTERISTICS. 
No amplification is realized in the circuit; because of 


circuit losses the output amplitude is slightly less than 
the input amplitude. 
Positive waveform is passed uncnaraed, but neagtive 
waveform is either partially or completely clipp 
Phase of waveform 1s unchanged (output pha 
as input phase). 
Presents a low (forward) resistance te the ni 
signal, and 9 high (reverse) resistance to a 
Qutput is taken from across 9 dicde. 


CIRCUIT ANALYSIS. 

General. The neqative lobe limi 
accomplish any of the following functions: 
the peaks of an applied siqnal, to obtain a rectan 
waveform from a sinewave signal, to el 
portion of a waveiorm, or to keeo the input amplit 
FM detector ot a constant value. The Negative-iabe iimiter 
is designed primarily to eliminate or recuce tne negative 
portion of the inout signal. 

Circuit Operation. The circuit of u parcilel, negati 
lobe diode limiter is shown in the 
tion. In this circuit, diode CR con’ 
negative portion of the input signal. As lone os the input 
signai remains positive, the diode remains in a noncon- 
ducting state, and current flow through R clmost ceases, 
A small reverse current still flows through R ad CR, 
because of the reverse resistance of oo diode, and thus 
fo small portion of the Input voltage i ss cropped UoVEs U. 
resistor. The amount of reverse resistance of the diode 
depends upon the characteristics of the diode selected. 
Thus, one of the disadvantages of the semiconcuctor diode 
over the vacuum tube is encountered. The vacuum tube 
teverse resistance is considered to be whereas 
ned acrass R 


tie ‘Semiconductor is inites: The voltae a 


ater 


is less than unity. On the other ret enc resistence 
of the semiconductor is less than that of the vacuum tube, 
mak ing the semiconductor better in some cpplicati 
When the input signal goes negative, the anode becomes 
positive with respect to the catnode and the diose conc: 
Thus the diode resistance changes trom a very righ res: 
oe to a very low resistence. The amount of res: 

of the diode in the conducting state, as well as the non- 
conducting state is detenuined by th 


ESLLD 


of the purticuian uiude select 
file fesistunce vulue of is very lutye nie 
the conduction resistance oi the diode, pre’ 
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resistor R, while only a very s 
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illustration of the b 
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INPUT CR OUTPUT 


Negative Lobe Diode Limiter and 
Input-Output Waveforms 

velobe diode limiter may be also 

usec to limit only the negative waveiom peak, while 

allowing a given value of negative signal to pass through 

the circuit te the output. This may be accomplished by 

applying a negative biasing voltage, having a value equal 


te the value of the nc 


simnal to be sassed by the 
itive signal to be passed by the 


Circuit, te the node of the dicce, as shown in the accom- 
ponying illustration. The biasing, or limiting, voltage may 
de obtained fiom a battery, us shown in the illustration, 

or from a tap on ¢ bleeder resistor connected in the output 
circuit of ad-c power supply. Wher connectéd as shown 
in the illustration, with the anode of CR connected to the 
negative terminal ot the d-c source, the anode of the diode 
is held more negative than the cathode by the value of Ebb 
in the absence of an input signal. As long as the negative 
cycles of the input voltoge remain less negative than Ebb, 
the bias voltage of the battery the diode remains essen- 
tially nonconducting, and the output voltage is equal to the 
input voltage ininus the voltuye cropped by the reverse 
tesistance of the diode. Since all of the positive cycles 
of the input voltage are more positive than Ebb, these to 


soatdahe Vescnesenas cesentiaily nonconducting, ‘ 


the result that the outo: 3! wel to the 

we. leoult thalihe-cutoutieg lt piel couel eerie 
win 2 is Wijcest rte 
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Tesistance of the ciode. When the input siqnal increases 
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Baw, 


Ntage of the circuit 
We Of the circult 


1S Equal to tne value of Ebb, and that portion ot the input 
signal which exceeds (is more negative) than the bias volt- 
aqé is clipped, or limited, appearing as a vattage drop a- 
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Parallel, Negative Lobe Diode Limiter Used as a 
Negative Peak Limiter 


By reversing the polarity of Ebb, the parallel, neqative- 
lobe diode limiter may also be used where it is desired to 
limit not only the entire negative peaks of the input signal, 
but also a predetermined level of the positive peaks, in 
order to fumish an output only when the positive peaks 
exceed this predetermined level. With the anode positive 
with respect to the cathode, the diode is maintained in a 
conducting state in the absence of an input signal, and 
the output voltage is held at a steady (positive) d-c level 
to equal to Ebb. With an input signal applied to the circuit, 
the output voltage continues to be held at this steady d-c 
level, with the input signal appearing across the diode load 
tesistor, R, until the input signal becomes more positive 
than Ebb, When this point is reached, the diode no longer 
conducts; its resistance then increase to a very high value. 
As aresult, the input signal which previously appeared 
across R, because R was much greater in resistance than 
CR, now appears across CR and the output terminals of 
the circuit, since CR is now much qreater in resistance 
thon R. The output signal, therefore, contains only the 
positive peoks of the input signal which are more positive 
than the biasing voltage, Ebb. 
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Parallel, Negative Lobe Diode Limiter Used to 
Pass Positive Peaks 


FAILURE ANALYSIS. 

No Output. A shorted diode or an open load resistor will 
Couse a no-output condition to exist. The only other likely 
possibility is the absence cf the input signe]. Check the 
diode and the resistor with on ohmmeter, making certain to 
observe the polarities of the dicde, since an erroneous 
indication may be obtained if the proper polarity is not 
observed. If both components check good, check for the 
presence of the input sicnal with o VTVM er an oscillo- 
scope making sure that it ‘s of proper amplitude. For the 
case where the diode is rot completely shorted, but reads 
a very low resistance of say 200-ohms or less, the diode 
can be considered defective. 

In the case of the biased limiter, check the bias for 
proper voltage with a voltmeter. In the ccse of a battery 
bias supply the voltage wil! be either weax or absent, but 
in the case of the bias supply being a separate power supply, 
it could also be nigh. 

Reduced or Unstable Output. A defective load resistor, 
R, or a defect in the perallel branch of the circuit, consist- 
ing of CR and the bias supply, Ebb, can produce a reduced 
or unstable output. The only otner likely possibility is a 
decrease in the amp::tude of the input signal. The trouble 
con be localized in the same manner as cescribed above 
for a no-output conditior.. 


TWO-DIODE, POSITIVE AND NEGATIVE LOBE LIMITER 


APPLICATION. 

The parallel, two-diode positive ad negative limiter, 
is used in uansistorized equipment when it is necessary 
to limit a portion of beth the positive cnd the negative 
parts of the signal waveform, and cilow the remainder of 
the input signal to pass without modificction cf the wave 


form. 
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CHARACTERISTICS. 

No amplification is realized in the circuit; because 
of circuit losses the cutput emnliise fe 1s slightly less than 
the input amplituce. 


Limits a portion of both th 


of the input siqna!, or the entire nesative or 
tion and « part of the cther half, or uny cor. 
Phase of waveform is unchanged (output phase is same 
ds input phase}. 
Utilizes two parallel ciodes connected 
polarity with each otner, « ut with the load. 


CIRCUIT ANALYSIS. 


General. 7 
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Circuit Operation. 

and negative: diode li 
illustration. Diode CRi limite Ine positive hulf cycle of the 
input and CR2 limits the nenctive half. Ebb, and Ebb, 

supply the bias for their respective diodes and the resistor, 
R, acts os the locd resistor. Reverse bioses are applied to 
the diodes so that the cathode of CRI is positive with 

respect to its node, and the ancce of CR? is nerative 


with respect to its cathode. 


Our discussion nere will primarily 
pina of both the positive and 


the conversion 
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ducts, it provides a low resistance path for forward current 
to ground, and shunts the output through the diode instead 
of the external load. It is at this point that the output 
waveform is flattened. Actually, even during its conducting 
period, the diode offers a slight opposition to current flow, 
anda small! forward voltage drop adds to the load voltage. 
Thus, the output voltage is slightly higher than the diode 
bias by the amount shown as VF, on the output waveform. 

As the input signal reaches its positive peak and begins 
decreasing towards zero, it again reaches a level which is 
less positive than Ebb,, diode CRI again cuts off and the 
input is again faithfully reproduced at the output. The 
input siqnal continues in the negative cirection, and snortly 
becomes more nenutive than Enb,, When this occurs, the 
cathode of CRZ is maue muie neysive lian te unode, Gnd 
diode CR2 conducts, duplicating the action which occured 
on the positive half cycle. The iorwerd veltage drop of 
the conducting diode is shown as VF, on the output wave- 
form. The input then reaches the negative peak and begins 
decreasing towards zero. As it becomes less negative than 
Ebb,, CR2 ceases conducting, nd the remainder of the 
input signal is reproduced at the output. 

The amount of clipping which takes place at the output 
is dependent to a certain extent upen the type of diodes 
selected, but pi valueofithe bias: Asi Ess, 
is made more positive, less clipping occurs on the positive 
half cycle, and as it is made less positive, more clipping 
occurs. By the same token, as Ebb, is made less positive, 
more clipping occurs, By the same token, as Ebb, is made 
more negative less clipping occurs on the neaative hali 
cycle, and as it becomes less negative, more clipping 
occurs. 


FAILURE ANALYSIS. 

No Output. An open load resistor R, or the absence 
of the input siqnal are the two most probable causes of « 
no-output condition. Check the vaiue of R with an ofimmeter 
for proper value, and check for the presence of the input 
signal with an oscilloscope. Note thet for the diodes to 
produce c no-output condition, both of them must be shorted, 
and that the loss of both bias supplies will produce an 
extremely low clipped cutput, caused by the voltage drops 
across the diodes. 


output will be either di 


the output will be eith: 
Distortion may be : 
by on open or shorte: 
signal. Check both bics supp: tor groper voltage with 
9 voltmeter, aed both dicdes with cn ohmmeter. Be sure 
to abserve proner polarities wher checking the alodes, 

as incorrect indications could be obtained by not doing so. 


The input signal should be Ciecked with an oscilloscope 
to determine if the input waveform i 
The vossibility of both half cycles of 


decreased by the same amoint 1s nnlikely 


supplies iiust decrease by th 
condition. if both supplies ir nerease, the output will in- 
crease. The oniy other couse of Cerrensed ouleut is the 
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TRIODE, BASIC COMMON-BASE LIMITER. 


APPLICATION. 

A triode, basic common-base limiter is used in semi- 
conductor circuits when it is desired to limit the amplitude 
of a relatively small input signal to a definite negative and 
dositive output level. 


CHARACTERISTICS. 

Cutoff ond plate saturation limiting are used by this 
limiter. 

Base to emitter bias and base to collector bias values 
determine the proper limiting level. 

Low input impedance and hich output impedance. 

No phase inversion. 


CIRCUIT ANALYSIS, 

General. The triode, basic common-base limiter is 
essentially a transistor amplifier which is operated at a 
level which allows it to be cutoff and saturated at certain 
positive and negative amplitudes of the input siqnal. By 
using a specific emitter to base voltage a specific emitter 
current is obtained. This emitter current determines what 
signal level is required to cutoff and saturate the limiter. 
These cutoff and saturation values are the limiting levels. 

Circuit Operation. A triode, basic NPN common-base 
limiter is shown in the accompanying illustration. 


Triode, Basic Common Base Limiter (NPN) 


Capacitor Cl and resistor Rl form a coupling network 
which couples the signa! from the previous stage to the 
emitter of Ql. Bias supply VEE determines the emitter to 
base bias voltage. The value of base resistor Rl in con- 
junction with the bias supplied by VEE determines the 
emitter current. Collector load resistor R2 and collector 
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supply Vcc establish the collector current. Capacitor C2 
couples the output of Q] to the following stage. Ql is an 
NPN transistor. 

When the incoming signal is positive-going the positive 
signal voltage opposes the normal forward negative bias 
between the emitter and the base, This reduces the current 
flowing threugh the transistor. When the collector current 
of Ql is reduced, the voltage drop across R2 is also re- 
duced, and the collector voltage approaches that of the 
collector supply which, in effect, makes the collector more 
positive. Thus, for a positive incoming signal a positive 
output voltage is obtained. 

When the positive incoming signal becomes sufficiently 
large that it cancels the forward bias entirely the transistor 
cuts off and collector current ceases. The collector voltage 
of Q] is now at the supply value and cannot increase further. 
Hence, for any further positive increase in siqnal voltage 
there is no change in output voltage, which stays constant 
for ony variation of input signal voltage beyond the cut-off 
level. 

When the incoming signal is negative-going the emitter 
is driven negative with respect to the base. This increases 
the forward bias and current flow (electron flow) from emitter 
to collector. An increase in voltage drop across collector 
resistor R2 results, which drives the collector more nea- 
ative. Thus, a negative input results in a negative output. 

If the incoming siqnal exceeds a certain negative value, 
the current from emitter to collector reaches its maximum 
(saturation) value and the collector voltage reaches a min- 
imum value. Any further increase in amplitude of the neq 
ative input signa does not affect the collector current or 
the voltage at the collector, since the transistor has attained 
a saturated level. 

It is at these levels of saturation and cutoff that the 
output voltage is limited. Thus, to achieve limiting it is 
necessary to supply a large amplitude signal. Between 
the limits of cutoff and saturation the circuit will act as a 
conventional amplifier. Beyond these limits the peaks are 
cut off and the waveform is effectively squared off!’, 


FAILURE ANALYSIS. 

No Output, In a triode, basic common-base limiter a 
no-output condition may be caused by any of the following 
(provided the input signal is present and correct): An open 
coupling capacitor Cl, on open bias resistor Rl, an open 
or shorted supply voltage VEE, am open collector to base 
resistor R2, an open or shorted supply voltage Vcc, an 
open output coupling capacitor C2, or a faulty transistor Q1. 

To determine which of these components is at fault 
first use an oscilloscope to determine if the input sicnal 
is present at the input terminals of the circuit. Then deter- 
mine if the input signal is present ot the emitter of the tran- 
sistor. If the signal is present at the input terminals but 
not at the emitter, first check Cl with an in-circuit capaci- 
tor checker. If C] is not open check Rl with an ohmmeter 
(after disconnecting one end of the resistor from the cir- 
cuit). If Rl is not open, check bias voltage VEE by either 
replacing it with an equivalent voltage source which is 
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known to be good, or by measuring VEE with a high resist- 
ance voltmeter. If VEE is not zero or shorted, check R2 
with an ohmmeter (after disconnecting one end of the re 
sistor from the circuit). If R2 is not open, check the col- 
lector bics voltage VCC with a high resistance voltmeter. 
in-circuit capacitor checker. If C2 is not 


input capacitor Cl being shorted, re- 
sistor R] being shorted or beyond tolerance, voltage source 
VEE being other than the required voltage, resistor R2 
orted or beyond tolerance, voltage source VOC 
teguired veltcge, capacitor C2 being 
tor OL being defective, 

To determine which of these components is at fault, 
first check the voltage between one plate of C] and ground 
with a high resistance voltmeter, then check the voltage be 
tween the other plate of Cl and ground. If these voltage 
vaiues are equal then capacitor Cl is shorted. Check 
the value of Rl with an ohmmeter (after first discon- 
necting one end of Rl from the circuit) for the 
proper chmic volue. If RI is not within the required toler- 
ance replace it with a resistor that is. Check voltage source 
VEE with a high resistance voltmeter. If the voltage has 
altered from the required voltage, either adjust the source 
so the proper value or replace VER with a voltage source 
of the proper value. Check the value of R2 with on ohm- 
meter (after first disconnecting one side of R2 from the cir- 
cuit) for the proper ohmic value. If R2 is not within the 
required tolerance, réptace it with a resistor that is. Check 
voltage source VCC with a high resistance voitmeter. if 
the voltage has altered from the required voltage, either 
adjust the source to the proper valuc or replace VOC with 
a voltage source that is the proper value. Check the volt- 
age between one plate of C2 and graund with a high resist- 
ance voltmeter, then check the voltage between the other 
plate of CZ and around. If these voltages are equal capaci- 
tor C2 is shorted. If all of these components are good 
and the trouble still persists the fault must be in transistor 
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